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INHIBITIN G COMPOUNDS 


This is a continuation-in-part of U.S. patent 
application Serial No. 616,170, filed November 20, 1990, 
which is a continuation-in-part of U.S. patent application 
Serial No. 518,730, filed May 9, 1990, which is a 
continuation-in-part of U.S. patent application Serial No. 
456,124, filed December 22, 1989, which is a continuation-in- 
part of U.S. patent application Serial No. 405,604, filed 
September 8, 1989, which is a continuation-in-part of U.S. 
patent application Serial No. 355,945, filed May 23, 1989. 

Technical Field 

This invention was made with Government support under 
contract number AI27220-01 awarded by the National Institute 
of Allergy and Infectious Diseases. The Government has 
certain rights in this invention. 

The present invention relates to novel compounds and a 
composition and method for inhibiting retroviral proteases and 
in particular for inhibiting human immunodeficiency virus 
(HIV) protease, a composition and method for treating a 
retroviral infection and in particular an HIV infection, 
processes for making such compounds and synthetic 
intermediates employed in these processes. 
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Backaround Art 

Retroviruses are those viruses which utilize a 
ribonucleic acid (RNA) intermediate and a RNA-dependent 
deoxyribonucleic acid (DNA) polymerase, reverse 
transcriptase, during their life cycle. Retroviruses 
include, but are not limited to, the RNA viruses of the 
Retroviridae family, and also the DNA viruses of the 
Hepadnavirus and Caulimovirus families. Retroviruses cause a 
variety of disease states in man, animals and plants. Some 
of the more important retroviruses from a pathological 
standpoint include human immunodeficiency viruses (HIV-1 and 
2), which cause acquired immune deficiency syndrome 
(AIDS) in man, hepatitis B virus, which causes hepatitis and 
hepatic carcinomas in man, human T-cell lymphotrophic viruses 
I, II, IV and V, which cause human acute cell leukemia, and 
bovine and feline leukemia viruses which cause leukemia in 
domestic animals. 

Proteases are enzymes which cleave proteins at specific 
peptide bonds. Many biological functions are controlled or 
mediated by proteases and their complementary protease 
inhibitors. For example, the protease renin cleaves the 
peptide angiotensinogen to produce the peptide angiotensin I. 
Angiotensin I is further cleaved by the protease angiotensin 
converting enzyme (ACE) to form the hypotensive peptide 
angiotensin II. Inhibitors of renin and ACE are known to 
reduce high blood pressure in vivo . An inhibitor of a 
retroviral protease should provide a therapeutic agent for 
diseases caused by the retrovirus. 

The genomes of retroviruses encode a protease that is 
responsible for the proteolytic processing of one or more 
polyprotein precursors such as the pol and crag gene products. 
See Wellink, Arch. Virol. 98 1 (1988). Retroviral proteases 
most commonly process the gag precursor into core proteins. 
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and also process the pol precursor into reverse transciptase 
and retroviral protease. In addition, retroviral proteases 
are sequence specific. See Pearl, Nature 328 482 (1987). 

The correct processing of the precursor polyproteins by 
the retroviral protease is necessary for the assembly of 
infectious virions. It has been shown that in vitro 
mutagenesis that produces protease-defective virus leads to 
the production of immature core forms which lack infectivity. 
See Crawford, J. Virol, 899 (1985); Katoh, et al., 

Virology 145 280 (1985). Therefore, retroviral protease 
inhibition provides an attractive target for antiviral 
therapy. See Mitsuya, Nature 325 775 (1987). 

Current treatments for viral diseases usually involve 
administration of compounds that inhibit viral DNA synthesis. 
Current treatments for AIDS (Dagani, Chem. Eng. News, 

November 23, 1987 pp. 41-49) involve administration of 
compounds such as 2 ', 3 • -dideoxycytidine,- 2',3'- 
dideoxyinosine, trisodium phosphonoformate, ammonium 21- 
tungsto-9-antimoniate, 1-beta-D-ribofuranosyl-l,2,4-triazole- 
3-carboxamide, 3'-azido-3'-deoxythymidine, and adriamycin 
that inhibit viral DNA synthesis; compounds such as AL-721 
and polymannoacetate which may prevent HIV from penetrating 
the host cell; and compounds which treat the opportunistic 
infections caused by the immunosuppression resulting from HIV 
infection. None of the current AIDS treatments have proven 
to be totally effective in treating and/or reversing the 
disease. In addition, many of the compounds currently used 
to treat AIDS cause adverse side effects including low 
platelet count, renal toxicity and bone marrow cytopenia. 

Disclosure Of the Invention 

In accordance with the present invention, there are 
retroviral protease inhibiting compounds of the formula: 
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A - X - B (I) 

or a pharmaceutically acceptable salt, prodrug or ester 
thereof. 


X is 
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(viii) ^2 


(ix) 




wherein Ri and Ri» are independently selected from hydrogen, 
loweralkyl, alkoxyalkyl, thioalkoxyalkyl and 

alkoxyalkoxyalkyl or Ri and Ri< and the oxygen atoms to which 
they are bonded taken together are -0-C(0)-0- or -0-C(S)-0- 
and R 2 and R 3 are independently -((Ro)d - R 5 ) wherein at each 
occurrence Rq is independently selected from -(CH 2 R 4 ) - and 


loweralkenylene 
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wherein at each occurrence d is independently 

selected from 0 

and 1 , at each occurrence R 4 is independently 

selected from -S 

-0-, -NH-, 

-N(loweralkyl)-, 

-S( 0 )—, -S( 0 ) 2 - and -CH 2 - and at each 

occurrence R 5 and R 5 * are independently selected from 

(i) 

loweralkyl. 

(ii) 

aryl. 

(iii) 

thioalkoxyalkyl 

(iv) 

(aryl)alkyl, 

(v) 

cycloalkyl. 

(vi) 

cycloalkylalkyl. 

(vii) 

hydroxyalkyl. 

(viii) 

alkoxyalkyl, 

(ix) 

aryloxyalkyl. 

(x) 

haloalkyl, 

(xi) 

carboxyalkyl. 

(xii) 

alkoxycarbonylalkyl. 

(xiii) 

aminoalkyl, 

(xiv) 

(N-protected)aminoalkyl, 

(XV) 

alkylaminoalkyl. 

(xvi) 

( (N-protected) (alkyl)amino)alkyl. 

(xvii) 

dialkylaminoalkyl. 

(xviii) 

guanidinoalkyl. 

(xix) 

loweralkenyl, 

(xx) 

heterocyclic. 

(xxi) 

(heterocyclic)alkyl. 

(xxii) 

hydrogen. 

(xxiii) 

arylthioalkyl. 

(xxiv) 

arylsulfonylalkyl. 

(xxv) 

(heterocyclic)thioalkyl. 

(xxvi) 

(heterocyclic)sulfonylalkyl. 

(xxvii) 

(heterocyclic)oxyalkyl. 

(xxviii 

arylalkoxyalkyl, 
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(xxix) 

arylthioalkoxyalkyl. 

(xxx) 

arylalkylsulfonylalkyl. 

(xxxi) 

(heterocyclic)alkoxyalkyl. 

(xxxii) 

(heterocyclic)thioalkoxyalkyl. 

(xxxiii 

(heterocyclic)alkylsulfonylalkyl, 

(xxxiv) 

cycloalkyloxyalkyl. 

(xxxv) 

cycloalkylthioalkyl. 

(xxxvi) 

cycloalkylsulfonylalkyl. 

(xxxvii 

cycloalkylalkoxyalkyl, 

xxxviii 

cycloalkylthioalkoxyalkyl. 

(xxxix) 

cycloalkylaIkylsulfonylalkyl. 

(Xl) 

aminocarbonyl, 

(Xli) 

alkylaminocarbonyl. 

(xlii) 

dialkylaminocarbonyl, 

(xliii) 

aroylalkyl, 

(xliv) 

(heterocyclic)carbonylalkyl, 

(xlv) 

polyhydroxyalkyl, 

(xlvi) 

aminocarbonylalkyl. 

(xlvii) 

alkylaminocarbonylalkyl and 

. (xlviii 

dialkylaminocarbonylalkyl. 

A and B are 

independently selected from 


(1) Z-W- 

wherein at each occurrence W is absent or represents a 
peptide chain containing 1-3 amino acids wherein and at each 
occurrence Z is R 6 -(C (R 5 *) (R 5 ) ) e -(C (T) ) f -(C (R 5 *) (R 5 ) ) g -(U) j.- 
(C(R 5 *) (R 5 ))j-C(T)f-. At each occurrence Rg-(C (R5*) (R5) ) e ~ 

(C(T))f-(C(R 5 *) (R 5 ))g-(U)i~(C(R 5 *) (R 5 ))j-C(T)f- is bonded to 
the amino terminus of the peptide chain, at each occurrence T 
is independently selected from 0 and S, at each occurrence R 5 
and R 5 * are independently defined as above or R 5 , R 5 * and the 
carbon atom to which they are bonded taken together form a 
carbocyclic ring of from 3 to 8 carbon atoms which can be 
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optionally substituted with a loweralkyl group or when e, g 
or j is 2 or more, R 5 and R 5 * on adjacent carbon atoms when 
taken together form a carbocyclic ring of from 3 to 8 carbon 
atoms which can be optionally substituted with a loweralkyl 
group, at each occurrence U is independently selected from 0, 
S and -N(R 5 )- wherein R 5 is independently defined as above, 
at each occurrence e is independently selected from 0 , 1 , 2 
and 3, at each occurrence f is independently selected from 0 
and 1 , at each occurrence g is independently selected from 0 , 
1, 2 and 3, at each occurrence-i is independently selected 
from 0 and 1 , at each occurrence j is independently selected 
from 0, 1, 2 and 3, and at each occurrence Rg is 
independently selected from 

(a) R7 - (Rg)wherein at each occurrence Rg is 
independently selected from N(R 7 ), 0 and S and at each 
occurrence k is independently selected from 0 and 1 , 

(b) (R 7 ) 2 N-O-, 

(c) R 7 S(0) 2 N(R 5 )- and 

(d) Ri 7 oRi 7 iCH=CH- wherein at each occurrence R 171 is 
absent, O, S, NH or -N (alkyl)- and at each occurrence R 170 is 
aryl or heterocyclic and wherein at each occurrence R 5 is 
independently defined as above and at each occurrence R 7 .is 
independently selected from: 


(i) 

hydrogen, 

(ii) 

loweralkyl, 

(iii) 

cycloalkyl. 

(iv) 

aryl, 

(v) 

arylalkyl. 

(vi) 

(aryl)alkoxyalkyl, 

(vii) 

aminoalkyl, 

(viii) 

N-protected-aminoalkyl 

(ix) 

alkylaminoalkyl, 


1 


• 

# 

(X) 
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(N-protected)(alkyl)aminoalkyl. 

(xi) 

dialkylaminoalkyl, 

(xii) 

carboxyalkoxyalkyl, 

(xiii) ‘ 

(alkoxycarbonyl)alkoxyalkyl. 

(xiv) 

carboxyalky1, 

(XV) 

alkoxycarbonylalkyl. 

(xvi) 

(amino)carboxyalkyl, 

(xvii) 

((N-protected)amino)carboxyalkyl, 

(xviii) 

(alkylamino)carboxyalkyl. 

(xix) 

( (N-protected)alkylamino)carboxy¬ 
alkyl. 

(xx) 

(dialkylamino)carboxyalkyl, 

(xxi) 

(amino)alkoxycarbonylalkyl. 

(xxii) 

( (N-protected)amino)alkoxycarbonyl¬ 
alkyl. 

(xxiii) 

(alkylamino)alkoxycarbonylalkyl, 

(xxiv) 

((N-protected)alkylamino)alkoxy¬ 
carbonylalkyl. 

(xxv) 

(dialkylamino)alkoxycarbonylalkyl, 

(xxvi) 

aminocycloalkyl. 

(xxvii) 

alkoxyalkyl, 

(xxviii) 

(polyalkoxy)alkyl. 

(xxix) 

heterocyclic. 

(xxx) 

(heterocyclic)alkyl. 

(xxxi) 

(hydroxyamino)alkyl, 

(xxxii) 

(alkoxyamino)alkyl. 

(xxxiii) 

N-protecting group. 

(xxxiv) 

cycloalkylaIky1, 

(xxxv) 

loweralkenyl. 

(xxxvi) 

hydroxyalky1, 

(xxxvii) 

dihydroxyalkyl. 

(xxxviii) 

(alkoxy)(alkyl)aminoalkyl. 

(xxxix) 

alkylaminocycloalkyl. 




(lx) 

(lxi) 

(lxii) 

(lxiii) 

(lxiv) 

(lxv) 

(lxvi) 

(lxvii) 

(lxviii) 

(lxix) 

(lxx) 

(lxxi) 
(lxxii) 

(lxxiii) 

(lxxiv) 

(lxxv) 
(lxxvi) 

(lxxvii) 

(lxxviii) 

(lxxix) 

(lxxx) 

(lxxxi) 

(lxxxii) 

(lxxxiii) 

(lxxxiv) 

(lxxxv) 

(lxxxvi) 

(lxxxvii) 

(lxxxviii 

(lxxxix) 

(xc) 

(xci) 

(xcii) 




- 10 - 

dialkylaminocycloalkyl, 
polyhydroxyalkyl, 
aryloxyalkyl, 
arylthioalkyl, 
arylsulfonylalkyl, 

(heterocyclic)thioalkyl, 
(heterocyclic)sulfonylalkyl, 
(heterocyclic)oxyalkyl, 
arylalkoxyalkyl, 
arylthioalkoxyalkyl, 
arylalkylsulfonylalkyl, 
(heterocyclic)alkoxyalkyl, 
(heterocyclic)thioalkoxyalkyl, 
(heterocyclic)alkylsulfonyalkyl, 
cycloalkyloxyalkyl, 
cycloalkylthioalkyl, 
cycloalkylsulfonylalkyl, 
cycloalkylalkoxyalkyl, 
cycloalkylthioalkoxyalkyl, 
cycloalkylalkylsufonylalkyl, 
aroylalkyl, 

(heterocyclic)carbonylalkyl, 

(aryl)aminoalkyl, 

(aryl)(alkyl)aminoalkyl, 

(arylalkyl)aminoalkyl, 

(arylalkyl)(alkyl)aminoalkyl, 
(heterocyclic)aminoalkyl, 
(heterocyclic)(alkyl)aminoalkyl, 

( (heterocyclic)alkyl)aminoalkyl, 

( (heterocyclic)alkyl)alkylaminoalkyl 
(alkoxyalkyl)aminoalkyl, 
thioalkoxyalkyl, 
mercaptoalkyl. 


(xciii) 
(xciv) 
(xcv) • 


aminocarbonylalkyl, 
alkylaminocarbonylalkyl and 
dialkylaminocarbonylalkyl; 


and 

(2) Z'-W'- 

wherein at each occurrence W' is absent or represents a 
peptide chain containing 1—3 amino acids and wherein at each 
occurrence Z' is 

R6-(C(R5*) (R 5 ) )e"(S(0) ) m -(C(R 5 *) (R 5 ) ) g- (U) L -(C (R 5 *) (R 5 ) ) j-C (T) j.- 
wherein R 6 -(C(R 5 *) (R 5 ) ) e - (S (0) ) m - (C (R 5 *) (R 5 )) g -(U)i- 
(C(R 5 *) (R 5 ) ) j-C (T) i~ is bonded to the amino terminus of the 
peptide chain. At each occurrence T is independently 
selected from 0 and S, at each occurrence R 5 and R 5 * are 
independently defined as above or R 5 , R 5 * and the carbon atom 
to which they are bonded taken together form a carbocyclic 
ring of from 3 to 8 carbon atoms which can be optionally 
substituted with a loweralkyl group or when e, g or j is 2 or 
more, R 5 and R 5 * on adjacent carbon atoms when taken together 
form a carbocyclic ring of from 3 to 8 carbon atoms which can 
be optionally substituted with a loweralkyl group, at each 
occurrence U is independently selected from 0, S and -N(Rs)- 
wherein R 5 is independently defined as above, at each 
occurrence e is independently selected from 0 , 1 , 2 and 3 , at 
each occurrence m is independently selected from 1 and 2 , at 
each occurrence g is independently selected from 0 , 1 , 2 and 
3, at each occurrence i is independently selected from 0 and 
1 , at each occurrence j is independently selected from 0 , 1 , 

2 and 3, and at each occurrence Rg is independently defined 
as above. 

Preferred compounds of the invention are compounds of 
the formula A - X - B 
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wherein X is 



R 2 F F 


and wherein A is R 6 -C(0)-NH-CH(R 5 )-C(0)- wherein R 5 and R 6 are 
defined as above and 

B is - C(0)-R6 wherein Rg is independently defined as above; 
or a pharmaceutically acceptable salt, prodrug or ester 
thereof. 

Preferred compounds of the invention also are compounds 
of the formula I wherein X is 


wherein Ri, R2 and R3 are defined as above. 

More preferred compounds of the invention are compounds 
of the formula: 


wherein X is 


A - X - B 



wherein Rx is hydrogen, loweralkyl or alkoxyalkyl and R2 and 
R3 are independently R5 wherein at each occurrence R5 is 
independently defined as above. 

A and B are independently selected from Z- 
wherein at each occurrence Z is R 6 -(CH(R 5 )) e -(C(T))f- 
(CH (R5))g-(U)i~ (CH (R5)) j-C (T)f-. At each occurrence T is 
independently selected from 0 and S, at each occurrence R5 is 
independently defined as above, at each occurrence U is 
independently selected from O, S and -N(R 5 )- wherein R 5 is 
independently defined as above, at each occurrence e is 
independently selected from 0, 1, 2 and 3, at each occurrence 
f is independently selected from 0 and 1, at each occurrence 
g is independently selected from 0, 1, 2 and 3, at each 
occurrence i is independently selected from 0 and 1, at each 
occurrence j is independently selected from 0, 1, 2 and 3, 
and at each occurrence Rg is independently selected from R7- 
(^ 9 )k - wherein at each occurrence Rg is independently selected 
from N(R7), 0 and S and at each occurrence k is independently 
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selected from 0 and 1 and at each occurrence R 7 is 
independently defined as above. 

Most preferred compounds of the invention are compounds 
of the formula: 



wherein Ri is hydrogen, 

R 2 and R 3 are independently selected from (aryl)alkyl, 

A is R 6 ~C(0)-NH-CH(Rs a )-C(0)- wherein Rs a is loweralkyl and Rg 
is R 7 -R 9 - wherein R 7 is heterocyclic or (heterocyclic)alkyl 
and Rg is -N(R 7 a )-, S or 0 wherein R 7 a is hydrogen or 
loweralkyl and 

B is -C(0)-Rgt wherein Rg> is R 7 <-R 9 i- wherein R 71 is 
heterocyclic or (heterocyclic) alkyl and R 91 is -N(R 7 a i)-, S or 
0 wherein R 7 a » is hydrogen or loweralkyl; 
or a pharmaceutically acceptable salt, prodrug or ester 
thereof. 

Most preferred compounds of the invention also are 
compounds of the formula: 



wherein Ri is hydrogen, 

R 2 and R 3 are independently selected from (aryl)alkyl, 

A is -C(0)-R6' wherein Rgi is R 7 «-R 9 <- wherein R 71 is 
heterocyclic or (heterocyclic) alkyl and R 91 is -N(R 7a .)-, S or 
0 wherein R 7 a ' is hydrogen or loweralkyl and 
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B is Rg-C (0)-NH-CH (Rs a )-C (0) - wherein Rs a is loweralkyl and Rg 
is R 7 -R 9 - wherein R 7 is heterocyclic or (heterocyclic)alkyl 
and R 9 is -N (R 7 a ) —, S or 0 wherein R 7 a is hydrogen or 
loweralkyl; 

or a pharmaceutically acceptable salt, prodrug or ester 
thereof. 

Most preferred compounds of the invention also are 
compounds of the formula: 



wherein R^ is hydrogen, 

R 2 and R 3 are independently selected from (aryl)alkyl, 
and A and B are independently is -C(0)-Rg wherein Rg is R 7 -R 9 - 
wherein at each occurrence R 7 is independently selected from 
heterocyclic and (heterocyclic)alkyl and at each occurrence 
R 9 is independently selected from -N(R 7 a ) -, S and 0 wherein 
R 7 a is hydrogen or loweralkyl; 

or a pharmaceutically acceptable salt, prodrug or ester 
thereof. 

The term "a peptide chain of 1—3 amino acids" as used 
herein includes - (N (R 10 )-CH(R 5 )-C( 0 )) n - wherein at each 
occurrence R 5 is independently defined as above, at each 

occurrence n is independently selected from 1 , 2 and 3 , and 
at each occurrence R^g is independently selected from hydrogen 
and loweralkyl, or R$ and R^g taken together is 
-(CH 2 ) p - wherein p is 3-5. 

The compounds of the invention comprise asymmetrically 
substituted centers. Such centers can be racemic or 
asymmetric. Racemic mixtures, mixtures of diastereomers, as 



well as single diastereomers of the compounds of the 
invention are included in the present invention. The terms 
"S" and "R" configuration are as defined by the IUPAC 1974 
Recommendations for Section E, Fundamental Stereochemistry, 
Pure Appl. Chem. (1976) 45, 13 - 30. 

The terms "He”, "Val" and "Thr" as used herein refer to 
isoleucine, valine and threonine, respectively. In general, 
the amino acid abbreviations used herein follow the IUPAC-IUB 
Joint Commission on Biochemical Nomenclature for amino acids 
and peptides (Eur. J. Biochem. 1984, 158 , 9-31). 

The term "N-protecting group" or "N-protected" as used 
herein refers to those groups intended to protect the N- 
terminus of an amino acid or peptide or to protect an amino 
group against undersirable reactions during synthetic 
procedures. Commonly used N-protecting groups are disclosed 
in Greene, "Protective Groups In Organic Synthesis," (John 
Wiley & Sons, New York (1981)), which is hereby 
incorporated by reference. N-protecting groups comprise 
carbamates, amides, N-alkyl derivatives, amino acetal 
derivatives, N-benzyl derivatives, imine derivatives, 
enamine derivatives and N-heteroatom derivatives. Preferred 
N-protecting groups are formyl, acetyl, benzoyl, pivaloyl, 
t-butylacetyl, phenylsulfonyl, benzyl, t-butyloxycarbonyl 
(Boc), benzyloxycarbonyl (Cbz) and the like. N-protecting 
groups also refer to an L- or D-aminoacyl residue, which is 
derived from an L- or D- amino acid. 

The term "O-protecting group" as used herein refers to a 
substituent which protects hydroxyl groups against 
undesirable reactions during synthetic procedures such as 
those O-protecting groups disclosed in Greene, "Protective 
Groups In Organic Synthesis," (John Wiley & Sons, New York 
(1981)). O-protecting groups comprise substituted methyl 
ethers, for example, methoxymethyl, benzyloxymethyl. 
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2 -methoxyethoxymethyl, 2-(trimethylsilyl)ethoxymethyl, 
t-butyl, benzyl and triphenylmethyl; tetrahydropyranyl 
ethers; substituted ethyl ethers, for example, 2,2,2- 
trichloroethyl; silyl ethers, for example, trimethylsilyl, 
t-butyldimethylsilyl and t-butyldiphenylsilyl; and esters 
prepared by reacting the hydroxyl group with a carboxylic 
acid, for example, acetate, propionate, benzoate and the 
like. 

The term "loweralkyl" as used herein refers to straight 
or branched chain alkyl radicals containing from 1 to 6 
carbon atoms including, but not limited to, methyl, ethyl, n- 
propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, n-pentyl, 
1 -methylbutyl, 2,2-dimethylbutyl, 2-methylpentyl, 2,2- 
dimethylpropyl, n-hexyl and the like. 

The term "alkylene" as used herein refers to a straight 
or branched chain carbon diradical containing from 1 to 6 
carbon atoms including, but not limited to, 

-CH 2 -, -CH 2 CH 2 -, -CH(CH 3 )CH 2 -, -CH 2 CH 2 CH 2 - and the like. 

The term "loweralkenyl" as used herein refers to a 
loweralkyl radical which contains at least one carbon-carbon 
double bond including, but not limited to, propenyl, butenyl 
and the like. Alkenyl groups can be unsubstituted or 
substituted with one or more substituents independently 
selected from loweralkyl, haloalkyl, cycloalkyl, aryl, 
heterocyclic, alkoxy, thioalkoxy, amino, alkylamino, 
dialkylamino, hydroxy, halo, mercapto, nitro, carboxaldehyde, 
carboxy, carboalkoxy and carboxamide. 

The term "loweralkenylene” as used herein refers to a 
straight or branched chain carbon diradical containing from 2 
to 6 carbon atoms which contains a carbon-carbon double bond 
including, but not limited to, -CH=CH-, -C(CH 3 )=CH-, 
-CH 2 CH=CH-, -CH 2 -CH=CH-CH 2 - and the like. 


The term "aryl" as used herein refers to a C 6 monocyclic 
aromatic ring system or a C 9 or C 10 bicyclic carbocyclic ring 
system having one or more aromatic rings including, but not 
limited to, phenyl, naphthyl, .tetrahydronaphthyl, indanyl, 
indenyl and the like. Aryl groups can be unsubstituted or 
substituted with one, two or three substituents independently 
selected from loweralkyl, haloalkyl, alkoxy, thioalkoxy, 
alkoxycarbonyl, alkanoyl, hydroxy, halo, mercapto, nitro, 
amino, alkylamino, dialkylamino, carboxaldehyde, carboxy, 
carboxamide, arylalkyl, arylalkoxy, (heterocyclic)alkyl, 
(heterocyclic)alkoxy, aminoalkyl, aminoalkoxy, 
alkylaminoalkyl, alkylaminoalkoxy, dialkylaminoalkyl, 
dialkylaminoalkoxy, (alkoxyalkyl)aminoalkyl, 

(alkoxyalkyl)aminoalkoxy, di-(alkoxyalkyl)aminoalkyl, 
di-(alkoxyalkyl)aminoalkoxy, (alkoxyalkyl)(alkyl)aminoalkyl, 
(alkoxyalkyl)(alkyl)aminoalkoxy, hydroxyalkyl, hydroxyalkoxy, 
carboxyalkyl, carboxyalkoxy, alkoxyalkyl, thioalkoxyalkyl, 
polyalkoxyalkyl and dialkoxyalkyl. In addition, substituted 
aryl groups include tetrafluorophenyl and pentafluorophenyl. 

The term "arylalkyl" as used herein refers to an aryl 
group appended to a loweralkyl radical including, but not 
limited to, benzyl, 4-hydroxybenzyl, 1 -naphthylmethyl and the 
like. 

The term "aminoalkyl" as used herein refers to -NH 2 
appended to a loweralkyl radical. 

The term "cyanoalkyl" as used herein refers to -CN 
appended to a loweralkyl radical. 

The term "hydroxyalkyl" as used herein refers to -OH 
appended to a loweralkyl radical. 

The term ."dihydroxyalkyl" as used herein refers to a 
loweralkyl radical disubstituted with -OH groups. 

The term "polyhydroxyalkyl" as used herein refers to a 
loweralkyl radical substituted with more than two -OH groups. 


like. Cycloalkyl groups can be unsubstituted or substituted 
with one, two or three substituents independently selected 
from loweralkyl, haloalkyl, alkoxy, thioalkoxy, amino, 
alkylamino, dialkylamino, hydroxy, halo, mercapto, nitro, 
carboxaldehyde, carboxy, carboalkoxy and carboxamide. 

The term "cycloalkylalkyl" as used herein refers to a 
cycloalkyl group appended to a loweralkyl radical, including 
but not limited to cyclohexylmethyl. 

The term "alkylaminocycloalkyl" as used herein refers to 
an alkylamino group appended to a cycloalkyl radical. 

The term "dialkylaminocycloalkyl" as used herein refers 
to a dialkylamino group appended to a cycloalkyl radical. 

The terms "alkoxy" and "thioalkoxy" as used herein refer 
to I^gO- and R 29^ - ' respectively, wherein is a loweralkyl 

group or benzyl. 

The term "haloalkoxy" as used herein refers to R29'0- 
wherein R. 29 1 is a haloalkyl group 

The term "(hydroxyamino)alkoxy" as used herein refers to 
R 30 O- wherein R 30 is a hydroxyaminoalkyl group. 

The term "(alkoxyamino)alkoxy" as used herein refers to 
R 31 O- wherein R 31 is an alkoxyaminoalkyl group. 

The term "alkoxyalkyl" as used herein refers to an 
alkoxy group appended to a loweralkyl radical. 

The term "thioalkoxyalkyl" as used herein refers to a 
thioalkoxy group appended to a loweralkyl radical. 

The term "alkoxyalkoxyalkyl" as used herein refers to an 
alkoxy group appended to an alkoxy group which is in turn 
appended to a loweralkyl radical including, but not limited 
to, methoxyethoxymethyl and the like. 

The term "guanidinoalkyl" as used herein refers to a 
guanidino group (-NHC(=NH)NH 2 ) appended to a loweralkyl 
radical. 
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The term "mercaptoalkyl" as used herein refers to a 
loweralkyl radical to which is appended a mercapto (-SH) 
group. 

The term "hydroxyaminoalkyl" as used herein refers to a 
hydroxyamino group (-NHOH) appended to a loweralkyl radical. 

The term "alkoxyaminoalkyl" as used herein refers to 
-NHR 20 (wherein R 20 is an alkoxy group) appended to a 
loweralkyl radical. 

The term "(alkoxy) (alkyl)aminoalkyl" as used herein 
refers to (R 21 ) (R 22 )N- wherein R 21 is alkoxy and R 22 is 
loweralkyl appended to a loweralkyl radical. 

The term "alkylamino" as used herein refers to a 
loweralkyl radical appended to an NH radical. 

The term "hydroxyalkylamino" as used herein refers to a 
hydroxyalkyl group appended to an NH radical. 

The term "dihydroxyalkylamino" as used herein refers to 
a dihydroxyalkyl group appended to an NH radical. 

The term "(hydroxyamino)alkylamino" as used herein 
refers to -NHR 23 wherein R 23 is a hydroxyaminoalkyl group. 

The term "(alkoxyamino)alkylamino" as used herein refers 
to -NHR 24 wherein R 24 is an alkoxyaminoalkyl group. 

The term "((hydroxyamino)alkyl)(alkyl)amino" as used 
herein refers to -NR25R26 wherein R 25 is a hydroxyaminoalkyl 
group and R 26 is a loweralkyl group. 

The term "((alkoxyamino)alkyl)(alkyl)amino" as used 
herein refers to -NR 27 R 28 wherein R 27 is an alkoxyaminoalkyl 
group and R 28 is a loweralkyl group. 

The term "(N-protected)aminoalkylamino" as used herein 
refers to an N-protected amino group which is appended to a 
loweralkyl group which in turn is appended to an -NH radical. 

The term "cycloalkyl" as used herein refers to an 
aliphatic ring having 3 to 7 carbon atoms including, but not 
limited to, cyclopropyl, cyclopentyl, cyclohexyl and the 


- 21 - 

The term "alkenyloxy" as used herein refers to R^O - 
wherein Rg 2 is a loweralkenyl group. 

The term "hydroxyalkoxy" as used herein refers to -OH 
appended to an alkoxy radical. 

The term "dihydroxyalkoxy" as used herein refers to an 
alkoxy radical which is disubstituted with -OH groups. 

The term "arylalkoxy" as used herein refers RggO- 
wherein Rgg is a arylalkyl group as defined above. 

The term "(heterocyclic)alkoxy" as used herein refers to 
R34O- wherein R34 is a (heterocyclic)alkyl group. 

The term "aryloxyalkyl" as used herein refers to a R35O- 

appended to a loweralkyl radical, wherein R35 is an aryl 

group. 

The term "dialkylamino" as used herein refers to 

-NR 36 R 37 where i n R 35 and R 3 7 are independently selected from 
loweralkyl groups. 

The term "(hydroxyalkyl)(alkyl)amino" as used herein 
refers to -NR^gR^g wherein Rgg is hydroxyalkyl and Rg^ is 
loweralkyl. 

The term "N-protected aminoalkyl" as used herein refers 
to -NHR^q appended to a loweralkyl group, wherein R^g is an 
N-protecting group. 

The term "alkylaminoalkyl" as used herein refers to 
NH r 41 appended to a loweralkyl radical, wherein R 41 is a 
loweralkyl group. 

The term "(N-protected)(alkyl)aminoalkyl" as used herein 
refers to -NR 42 R 43' which is appended to a loweralkyl 
radical, wherein R^ and R^g are as defined above. 

The term "dialkylaminoalkyl" as used herein refers to - 
NR 44 R 45 which is appended to a loweralkyl radical wherein R^ 4 
and R^g are independently selected from loweralkyl. 

The term "azidoalkyl" as used herein refers to a -Ng 
group appended to a loweralkyl radical. 
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The term "carboxyalkyl" as used herein refers to a 
carboxylic acid group (-COOH) appended to a loweralkyl 
radical. 

The term "alkoxycarbonylalkyl" as used herein refers to 
a R 4 gC(O)- group appended to a loweralkyl radical, wherein 
R^g is an alkoxy group . 

The term "carboxyalkoxyalkyl" as used herein refers to a 
carboxylic acid group (—COOH) appended to an alkoxy group 
which is appended to a loweralkyl radical. 

The term "alkoxycarbonylalkoxyalkyl" as used herein 
refers to an alkoxycarbonyl group (R 4 ? C(0)- wherein R 4? is an 
alkoxy group) appended to an alkoxy group which is appended 
to a loweralkyl radical. 

The term "(amino)carboxyalkyl" as used herein refers to 
a loweralkyl radical to which is appended a carboxylic acid 
group (-COOH) and an amino group (-NH 2 ). 

The term "((N-protected.) amino) carboxyalkyl" as used 
herein refers to a loweralkyl radical to which is appended a 
carboxylic acid group (-COOH) and -NHR 4g wherein R 4g is an N- 
protecting group. 

The term "(alkylamino)carboxyalkyl" as used herein 
refers to a loweralkyl radical to which is appended a 
carboxylic acid group (-COOH) and an alkylamino group. 

The term "((N-protected)alkylamino)carboxyalkyl" as used 
herein refers to a loweralkyl radical to which is appended a 
carboxylic acid group (-COOH) and an -NR 4 g R 4g wherein R 4g is 
as defined above and R 4g is a loweralkyl group. 

The term "(dialkylamino)carboxyalkyl" as used herein 
refers to a loweralkyl radical to which is appended a 
carboxylic acid group (-COOH) and -NR 4 g R 4g wherein R 4g is as 
defined above. 


i\ 
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The term "(amino)alkoxycarbonylalkyl" as used herein 
refers to a loweralkyl radical to which is appended an 
alkoxycarbonyl group as defined above and an amino group 

(-nh 2 ) . 

The term "((N-protected)amino)alkoxy- 
carbonylalkyl" as used herein refers to a loweralkyl radical 
to which is appended an alkoxycarbonyl group as defined above 
and -NHR^q wherein R^q is an N-protecting group. 

The term "(alkylamino)alkoxycarbonylalkyl" as used 
herein refers to a loweralkyl radical to which is appended an 
alkoxycarbonyl group as defined above and an alkylamino group 
as defined above. 

The term "((N-protected)alkylamino)alkoxy¬ 
carbonylalkyl" as used herein refers to a loweralkyl radical 
to which is appended an alkoxycarbonyl group as defined above 

and -n ^ 5^^52 w ^ ere i n is an N-protecting group and R^ is 

a loweralkyl group. 

The term "(dialkylamino)alkoxycarbonylalkyl" as used 

herein refers to a loweralkyl radical to which is appended an 

alkoxycarbonyl group as defined above and -NR C _R [ , <1 wherein 
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R 53 and Rs4 are independently selected from loweralkyl. 

The term "carboxyalkylamino" as used herein refers to - 
NHR^ wherein R^^ is a carboxyalkyl group. 

The term "alkoxycarbonylalkylamino" as used herein 
refers to -NHR^g wherein R gg is an alkoxycarbonylakyl group. 

The term " (amino)carboxyalkylamino" as used herein 
refers to -NHR^ wherein R^ is an (amino) carboxyalkyl group. 

The term "( (N-protected)amino)carboxyalkylamino" as used 
herein refers to -NHR^g wherein R 5g is an ((N- 
protected)amino]carboxyalkyl group. 

The term"(alkylamino)carboxyalkylamino" as used herein 
refers to -NHR^g wherein R^ is an (alkylamino) carboxyalkyl 
group. 


The term "((N-protected)alkylamino)- 

carboxyalkylamino" as used herein refers to -NHR^, wherein 

60 

R g0 is an ((N-protected)alkylamino)carboxyalkyl group. 

The term "(dialkylamino)carboxyalkylamino" as used 

herein refers to -NHR,. wherein R,_ is a 
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(dialkylamino)carboxyalkyl group. 

The term "(amino)alkoxycarbonylalkylamino" as used 
herein refers to -NHR g2 wherein R g2 is an 
(amino)alkoxycarbonylalkyl group. 

The term "((N-protected)amino)alkoxy¬ 
carbonylalkylamino" as used herein refers to -NHR,.., wherein 

63 

R g2 is an ((N-protected)amino)- 
alkoxycarbonylalkyl group. 

The term "(alkylamino)alkoxycarbonylalkylamino" as used 

herein refers to -NHR,. wherein R,, is an 
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(alkylamino)alkoxycarbonylalkyl group. 

The term "((N-protected)alkylamino)alkoxy¬ 
carbonylalkylamino" as used herein refers to -NHR,.,. wherein 

65 

^65 : '' s an ((^-protected) alkylamino) alkoxy¬ 
carbonylalkyl group. 

The term "(dialkylamino)alkoxycarbonyl- 

alkylamino" as used herein refers to -NHR,- wherein R,, is a 

66 66 

(dialkylamino)alkoxycarbonylalkyl group. 

The term "aminocycloalkyl" as used herein refers to an 

NH 2 appended to a cycloalkyl radical. 

The term "( (alkoxy)alkoxy)alkyl" as used herein refers 

to an alkoxy group appended to an alkoxy group which is 

appended to a loweralkyl radical. 

The term "polyalkoxyalkyl" as used herein refers to a 

polyalkoxy residue appended to a loweralkyl radical. 

The term "polyalkoxy" as used herein refers to -OR,,, 

67 

wherein R g ^ is a straight or branched chain containing 1 - 5 , 

C n , -O-C tl linkages wherein n' and n" are independently 



selected from 1 to 3, including but not limited to 
methoxyethoxymethoxy, methoxymethoxy and the like. 

The term "(arylalkyl)amino" as used herein refers to 
R 68 NR ~ w ^ ere ^- n R gg is an arylalkyl group as defined above. 

The term "(arylalkyl)(alkyl)amino" as used herein refers 

tc ? R 69 R 70 N_ w ^ ere ^ n R 59 is an arylalkyl group as defined 
above and R 7 q is a loweralkyl group. 

The term "(heterocyclic)alkylamino" as used herein 
refers to R 71 NH- wherein R 71 is a (heterocyclic)alkyl group. 

The term "((heterocyclic)alkyl)(alkyl)amino" as used 
herein refers to R72R73N- wherein R72 is a (heterocyclic) alkyl 
group and R 73 is a loweralkyl group. 

The term "dialkylaminoalkyl(alkyl)amino" as used herein 
refers to -NR 7 g R 7 g wherein R 7 g is a dialkylamino residue 
appended to a loweralkyl residue and R 7g is a loweralkyl 
residue. 

The term "alkylaminoalkylamino" as used herein refers to 
-NHRqq wherein Rqq is an alkylaminoalkyl group as previously 
defined. 

The term "dialkylaminoalkylamino" as used herein refers 
to -NHRgi wherein Rg^ is a dialkylaminoalkyl group as 
previously defined. 

The term "aminoalkylamino" as used herein refers to 
—NHRg 2 wherein Rgg is an aminoalkyl residue. 

The term "(dihydroxyalkyl)(alkyl)amino" as used herein 
refers to a loweralkyl group which is disubstituted with -OH 
radicals, appended to an amino group, which amino group also 
has appended another loweralkyl group, including but not 
limited to N-(2,3-dihydroxypropyl)-N-(methyl)amine. 

The term "di-(hydroxyalkyl)amino" as used herein refers 
to -NRggRg^ wherein Rgg and Rg^ are hydroxyalkyl residues. 
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The term "alkoxyalkyl(alkyl)amino" as used herein refers 
to -NRg^Rgg wherein Rg^ is an alkoxyalkyl group and Rgg is a 
loweralkyl group. 

The term "di-(alkoxyalkyl)amino" as used herein refers 
to -NRg^Rgg wherein Rg^ and Rgg are alkoxyalkyl groups. 

The term "di-(polyalkoxyalkyl)amino" as used herein 


refers to -NR gg R gQ wherein Rg^ and R^q are polyalkoxy 
residues appended to loweralkyl residues. 

The term "( (polyalkoxy)alkyl)) (alkyl)amino" as used 
herein refers to wherein R^ is a polyalkoxy residue 

appended to a loweralkyl residue and R^ is a loweralkyl 
residue. 


The term "halo" or "halogen" as used herein refers to - 
Cl, -Br, -I or -F. 

The term "haloalkyl" as used herein refers to a 
loweralkyl radical in which one or more of the hydrogen atoms 
are replaced by halogen including, but not limited to, 
chloromethyl, trifluoromethyl, l-chloro-2-fluoroethyl and the 
like. 


The term "thioalkoxyalkyl" as used herein refers to a 
thioalkoxy group appended to a loweralkyl radical. 

The term "alkylsulfonyl" as used herein refers to 
RggSC^ - wherein R^g is loweralkyl group. 

The term "arylthioalkyl" as used herein refers to 
R94-S-R95- wherein R94 is an aryl group and R95 is an alkylene 
group. 

The term "arylsulfonylalkyl" as used herein refers to 
R 96 ~S( 0 ) 2 -r 97 - wherein Rgg is any aryl group and R97 is an 
alkylene group. 

The term "(heterocyclic)oxyalkyl" as used herein refers 
to R98-O-R99- wherein R98 is an aryl group and R99 is an 
alkylene group. 



The term " (heterocyclic)thioalkyl" as used herein refers 
to Rioo - S-Rioi - wherein Rioo is an aryl, group and Rioi is an 
alkylene group. 

The term " (heterocyclic)sulfonylalkyl" as used herein 
refers to Ri02~S (0) 2 ~Rl 03 ~ wherein R102 is an aryl group and 
r 103 is an alkylene group. 

The "arylalkoxyalkyl" as used herein refers to 
r 104 - O -r 105“ wherein R104 is an arylalkyl group and R105 is an 
alkylene group. 

The "arylthioalkoxyalkyl" as used herein refers to R106 - 
S-R107 - wherein R106 is an arylalkyl group and R107 is an 
alkylene group. 

The "arylalkylsulfonylalkyl" as used herein refers to 
Rl08~S (0) 2“Ri09“ wherein Rios is an arylalkyl group and R109 is 
an alkylene group. 

The term " (heterocyclic)alkoxyalkyl" as used herein 
refers to Riio - 0 - Rm~ wherein Rno is a (heterocyclic) alkyl 
group and Rm is an alkylene group. 

The term " (heterocyclic)thioalkoxyalkyl" as used herein 
refers to Rii2 - S-Rn3- wherein R112 is a (heterocyclic) alkyl 
group and R113 is an alkylene group. 

The term "(heterocyclic)alkylsulfonylalkyl" as used 
herein refers to R114-S (0) 2-R115- wherein Rn 4 is a 
(heterocyclic)alkyl group and R115 is an alkylene group. 

The term "cycloalkyloxyalkyl" as used herein refers to 
r 116 - 0 ~ r 117~ wherein Rug is a cycloalkyl group and R117 is an 
alkylene group. 

The term "cycloalkylthioalkyl" as used herein refers to 
Rll8 - S-Rii9- wherein Rug is a cycloalkyl group and R119 is an 
alkylene group. 

The term "cycloalkylsulfonylalkyl" as used herein refers 
to Ri20~S (0) 2 ~Ri 2 i“ wherein R120 is a cycloalkyl group and R121 
is an alkylene group. 


The term "cycloalkylalkoxyalkyl" as used herein refers 
to Ri 22 - P-Ri 23 - wherein R122 is a cycloalkylalkyl group and 
r 123 is an alkylene group. 

The term "cycloalkylthioalkoxyalkyl" as used herein 
refers to Ri 24 - S-Ri 25 - wherein R124 is a cycloalkylalkyl group 
and R125 is an alkylene group. 

The term "cycloalkylalkylsulfonylalkyl" as used herein 
refers to Ri26~S ( 0 ) 2 - Ri 27 - wherein R126 is a cycloalkylalkyl 
group and R127 is an alkylene group. 

The term "alkanoyl" as used herein refers to Rk-C( 0 )- 
wherein is a loweralkyl group. 

The term "aminocarbonyl" as used herein refers to 
-C( 0 )NH 2 . 

The term "aminocarbonylalkyl" as used herein refers to 
an aminocarbonyl group appended to a loweralkyl radical. 

The term "alkylaminocarbonyl" as used herein refers to - 
C( 0 )NHRi 28 wherein R128 is loweralkyl. 

The term "alkylaminocarbonylalkyl" as used herein refers 
to an alkylaminocarbonyl group appended to a loweralkyl 
radical. 

The term "dialkylaminocarbonyl" as used herein refers to 
-C ( 0 ) NR129R130 wherein R129 and R130 are independently selected 
from loweralkyl. 

The term "dialkylaminocarbonylalkyl" as used herein 
refers to a dialkylaminocarbonyl group appended to a 
loweralkyl group. 

The term "aroylalkyl" as used herein refers to 
Rl3l~C (0) -R132 - wherein R131 is an aryl group and R132 is an 
alkylene group. 

The term "(heterocyclic)carbonylalkyl" as used herein 
refers to R133-C ( 0 ) -R134- wherein R133 is a heterocyclic group 
and R134 is an alkylene group. 
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The term "arylamino" as used herein refers to R135NH- 
wherein R135 is an aryl group. 

The term "(heterocyclic)amino" as used herein refers to 
R136NH- wherein R136 is a heterocyclic group. 

The term "aminoalkoxy" as used herein refers to an 
alkoxy radical to which is appended an amino (-NH2) group. 

The term "alkylaminoalkoxy" as used herein refers to an 
alkoxy radical to which is appended an alkylamino group. 

The term "dialkylaminoalkoxy" as used herein refers to 
an alkoxy radical to which is appended a dialkylamino group. 

The term " (alkoxyalkyl)aminoalkyl" refers to a 
loweralkyl radical to which is appended an (alkoxyalkyl)amino 
group. 

The term "(alkoxyalkyl)aminoalkoxy" as used herein 
refers to an alkoxy radical to which is appended an 
(alkoxyalkyl)amino group. 

The term "(alkoxyalkyl)(alkyl)aminoalkyl" refers to a 
loweralkyl radical to which is appended an 
(alkoxyalkyl)(alkyl)amino group. 

The term "(alkoxyalkyl)(alkyl)aminoalkoxy" as used 
herein refers to an alkoxy radical to which is appended an 
(alkoxyalkyl)(alkyl)amino group. 

The term "di-(alkoxyalkyl)aminoalkyl" refers to a 
loweralkyl radical to which is appended an di- 
(alkoxyalkyl)amino group. 

The term "d—(alkoxyalkyl)aminoalkoxy" as used herein 
refers to an alkoxy radical to which is appended an di- 
(alkoxyalkyl)amino group. 

The term "carboxyalkoxy" as used herein refers to an 
alkoxy radical to which is appended a carboxy (-COOH) group. 

The term "aminocarbonylalkyl" as used herein refers to a 
loweralkyl radical to which is appended an aminocarbonyl 
(NH2C( 0 )-) group. 
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The term "alkylaminocarbonylalkyl" as used herein refers 
to a loweralkyl radical to which is appended an 
alkylaminocarbonyl group. 

The term "dialkylaminocarbonylalkyl" as used herein 
refers to a loweralkyl radical to which is appended an 
dialkylaminocarbonyl group. 

At each occurrence, the term "heterocyclic ring" or 
"heterocyclic" as used herein independently refers to a 3- or 
4 -membered ring containing a heteroatom selected from oxygen, 
nitrogen and sulfur; or a 5 - or 6-membered ring containing 
one, two or three heteroatoms independently selected from N, 

0 and S. The 5 -membered ring has 0-2 double bonds and the 6- 
membered ring has 0-3 double bonds. The nitrogen heteroatoms 
can be optionally quaternized or N-oxidized. The sulfur 
heteroatoms can be optionally S-oxidized. The term 
"heterocyclic also includes bicyclic groups in which any of 
the above heterocyclic rings is fused to a benzene ring or a 
cyclohexane ring or another heterocyclic ring. Heterocyclics 
include: pyrrolyl, pyrrolinyl, pyrrolidinyl, pyrazolyl, 
pyrazolinyl, pyrazolidinyl, imidazolyl, imidazolinyl, 
imidazolidinyl, pyridyl, piperidinyl, pyrazinyl, piperazinyl, 
pyrimidinyl, pyridazinyl, oxazolyl, oxazolinyl, oxazolidinyl, 
isoxazolyl, isoxazolinyl, isoxazolidinyl, morpholinyl, 
thiazolyl, thiazolidinyl, isothiazolyl, isothiazolidinyl, 
indolyl, quinolinyl, tetrahydroquinolyl, isoquinolinyl, 
benzimidazolyl, benzothiazolyl, benzoxazolyl, benzofuranyl, 
furyl, dihydrofuranyl, tetrahydrofuranyl, pyranyl, 
dihydropyranyl, tetrahydropyranyl, dioxanyl, dioxolanyl, 
thienyl and benzothienyl. 
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Heterocyclics also include: 



Heterocyclics can be unsubstituted or monosubstituted or 
disubstituted with substituents independently selected from 
hydroxy, halo, oxo (= 0 ), alkylimino (R*N= wherein R* is a 
loweralkyl group), amino, (N-protected)amino, alkylamino, (N- 
protected)alkylamino, dialkylamino, alkoxy, polyalkoxy, 
haloalkyl, cycloalkyl, aryl, arylalkyl, -C 00 H, -SO3H and 
loweralkyl. In addition, nitrogen containing heterocycles 
can be N-protected. 

The term "(heterocyclic)alkyl" as used herein refers to 
a heterocyclic group appended to a loweralkyl radical, 
including but not limited to imidazolylmethyl and 
thiazolylmethyl. 

The term "heterocyclic carbonyloxy" as used herein 
refers to Ri37C(0)0- wherein R137 is a heterocyclic group. 

The term "heterocyclic carbonylamino" as used herein 
refers to Ri 38 C( 0 )NH- wherein R138 is a heterocyclic group. 

The term "(aryl)aminoalkyl" as used herein refers to a 
loweralkyl radical to which is appended R3oo NH ~ wherein R300 
is an aryl group. 


The term " (aryl) (alkyl)aminoalky 1 " as used herein refers 
to a loweralkyl radical to which is appended (R300) (R30l)N- 
wherein R300 is an aryl group and R301 is a loweralkyl group. 

The term "(arylalkyl)aminoalkyl" as used herein refers 
to a loweralkyl radical to which is appended R302NH- wherein 
R302 is an arylalkyl group. 

The term " (arylalkyl) (alkyl)aminoalkyl" as used herein 
refers to a loweralkyl radical to which is appended 
(R303) (R304)N— wherein R303 is an arylalkyl group and R304 is 
a loweralkyl group. 

The term " (heterocyclic)aminoalkyl" as used herein 
refers to a loweralkyl radical to which is appended R305NH- 
wherein R305 is a heterocyclic group. 

The term "(heterocyclic)(alkyl)aminoalkyl" as used 
herein refers to a loweralkyl radical to which is appended 
( r 306 ) ( r 307 ) N~ wherein R306 is a heterocyclic group and R307 
is a loweralkyl group. 

The term "((heterocyclic)alkyl)aminoalkyl" as used 
herein refers to a loweralkyl radical to which is appended 
R3O8NH- wherein R308 is a (heterocyclic)alkyl group. 

The term "((heterocyclic)alkyl)(alkyl)aminoalkyl" as 
used herein refers to a loweralkyl radical to which is 
appended (R309) ( R 3io)N- wherein R309 is a 
(heterocyclic)alkylalkyl group and R310 is a loweralkyl 
group. 

The term "(alkoxyalkyl)aminoalkyl" as used herein refers 
to a loweralkyl radical to which is appended R311NH- wherein 
R311 is an alkoxyalkyl group. 

When any variable (i.e., Ri, R2, R3/ etc.) occurs more 
than one time in any substituent or in a compound of formula 
I, its definition on each occurrence is independent of its 
definition at every other occurrence. Also, combinations of 
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substituents and/or variables are permissible only if such 
combinations result in stable compounds. 

Preferred compounds of the invention are selected from 
the group consisting of: 

(25.35.55) -2-(N-(N-((2-Pyridinyl)methoxycarbonyl)- 
valinyl)amino)-5-(N-((3-pyridinyl)methoxycarbonyl)amino)-1,6- 
dipheny1-3-hydroxyhexane; 

(25.35.55) -5-(N-(N-((N-Methyl-N-((2-pyridinyl)- 
methyl)amino)carbonyl)valinyl)amino)-2-(N-((3- 
pyridinyl)-methoxycarbonyl)amino)-1,6-diphenyl-3- 
hydroxyhexane; 

(25.35.55) -2-(N-((3-Pyridinyl)-methoxycarbonyl)amino-5-(N-(N- 
((N-Methyl-N-((6-methyl-2-pyridinyl)methyl)- 

amino)carbonyl)valinyl)amino)-1,6-diphenyl-3-hydroxyhexane; 

(25.35.55) -2-(N-(N-((N-Methyl-N-((2-pyridinyl)- 

methyl)amino)carbonyl)valinyl)amino)-5-(N-((3-pyridinyl)- 
methoxycarbonyl)amino)-1,6-dipheny1-3-hydroxyhexane; 

(2S, 3S,5S)-5-(N-(N-((2-Pyridinyl)methoxycarbonyl)- 
valinyl)amino)-2-(N-((3-pyridinyl)methoxycarbonyl)amino)-1,6- 
diphenyl-3-hydroxyhexane; 

(2S, 3S,5S)-5-(N-(N-((N-methyl-N-((2-pyridinyl)- 
methyl)amino)carbonyl)isoleucinyl)amino)-2-(N-((3- 
pyridinyl)methoxycarbonyl)amino)—1,6-diphenyl-3-hydroxyhexane. 

(25.35.55) -2,5-Di{N-(3-pyridylmethyl)oxy-carbonyl)amino}-3- 
hydroxy-1,6-diphenylhexane; 

(2S,3S-5S)-2-(N-(N-((N-Methyl-N-((6-methyl-2- 
pyridinyl)methyl)amino)carbonyl)valinyl)amino)-5-(N-((3- 
pyridinyl)-methoxycarbonyl)amino)-1,6-diphenyl-3- 
hydroxyhexane; and 

(25.35.55) -2-(N-[(pyridin-3-yl)methoxycarbonyl]amino)- 
5-(N-[(6-methylpyridin-2-yl)methoxycarbonyl- 
valyllamino) - 1 , 6-diphenyl-3-hydroxyhexane; 
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or a pharmaceutically acceptable salt, ester or prodrug 
thereof. 

Compounds useful as intermediates for the preparation of 
the compound of formula I include the compound of the 
formula: 



wherein Px and P 2 are independently selected from hydrogen and 
an N—protecting group; 1 is hydrogen, loweralkyl, 
alkoxyalkyl or an O-protecting group; and R 2 and R 3 are 
- ((Ro)d -R 5 ) wherein at each occurrence Ro is independently 
selected from -(CH 2 R 4 )- and loweralkenylene wherein at each 
occurrence d is independently selected from 0 and 1 , at each 
occurrence R 4 is independently selected from -S-, -0-, -NH-, 

-N(loweralkyl)-, -S(O)-, -S( 0 ) 2 - and -CH 2 - and at each 

occurrence R 5 is independently selected from 

(i) loweralkyl, (ii) aryl, (iii) thioalkoxyalkyl, 

(iv) (aryl)alkyl, (v) cycloalkyl, (vi) cycloalkylalkyl, 

(vii) hydroxyalkyl, (viii) alkoxyalkyl, (ix) aryloxyalkyl, 

(x) haloalkyl, (xi) caboxyalkyl, (xii) alkoxycarbonyl- 
alkyl, (xiii) aminoalkyl, (xiv) (N-protected)aminoalkyl, 

(xv) alkylaminoalkyl, (xvi) ((N-protected)(alkyl)amino)- 
alkyl, (xvii) dialkylaminoalkyl, (xviii) guanidinoalkyl, 

(xix) loweralkenyl, (xx) heterocyclic, 

(xxi) (heterocyclic)alkyl, (xxii) hydrogen, 

(xxiii) arylthioalkyl, (xxiv) arylsulfonylalkyl, 

(xxv) (heterocyclic)thioalkyl, (xxvi) (heterocyclic)- 
sulfonylalkyl, (xxvii) (heterocyclic)oxyalkyl, 

(xxviii) arylalkoxyalkyl, (xxix) arylthioalkoxyalkyl, 

(xxx) arylalkylsulfonylalkyl, (xxxi) (heterocyclic)- 
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alkoxyalkyl, (xxxii) (heterocyclic)thioalkoxyalkyl, 

(xxxiii) (heterocyclic)alkylsulfonylalkyl, 

(xxxiv) cycloalkyloxyalkyl, (xxxv) cycloalkylthioalkyl, 

(xxxvi) cycloalkylsulfonylalkyl, (xxxvii) cycloalkyl- 
alkoxyalkyl, (xxxviii) cycloalkylthioalkoxyalkyl, 

(xxxix) cycloalkylalkylsulfonylalkyl, (xl) aminocarbonyl, 

(xli) alkylaminocarbonyl, (xlii) dialkylaminocarbonyl, 

(xliii) aroylalkyl, (xliv) (heterocyclic)carbonylalkyl, 

(xlv) polyhydroxyalkyl, (xlvi) aminocarbonylalkyl, 

(xlvii) alkylaminocarbonylalkyl and 

(xlviii) dialkylaminocarbonylalky1; or a salt or ester 
thereof. 

The compounds of the invention can be prepared as shown 
in Schemes 1-5. The syntheses of carboxylic acids (A-OH and 
B-OH) and p-nitrophenyl esters (A-OPNP and B-OPNP) are 
described in the Examples. The process shown in Scheme 1 
discloses the pinacol coupling of a protected aminoaldehyde 
(I) to give (II) and (III). Diols (II) and (III) are 
independently deoxygenated by initial reaction with a- 
acetoxyisobutyryl bromide and lithium bromide followed by 
reduction of the intermediate bromoacetate with tri-n-butyltin 
hydride to provide (IV) and (V), respectively. Basic 
hydrolysis of (IV) and (V) leads to (VI) and (VII), 
respectively. 

The process described in Scheme 2 discloses the 
dimesylation and pyrolysis of (II) to provide (IX). Basic 
hydrolysis of (II) and (IX) provides (VIII) and (X), 
respectively. Treatment of (II) with a-acetoxyisobutyryl 
bromide in the absence of lithium bromide leads to (XI). 
Alternately, monomesylation of (II) to give (XIII) followed by 
pyrolysis in acetonitrile provides (XIV). Basic hydrolysis of 
either (XI) or (XIV) leads to (XII). 


Another alternative process for converting (II) to the 
epimerized product (XII) is illustrated in Scheme 2A. 
Monoacetylation of (II) provides (XXX). Mesylation of (XXX), 
followed by heating provides (XI). Hydrolysis of (XI) gives 
(XII). 

The process described in Scheme 3 discloses the 
aminolysis of (IV) to give the alcohol (XV). Mesylation of 
(XV) to give (XVI) followed by pyrolysis provides 
(E)-alkene (XVIII). Basic hydrolysis gives the diamine 
(XVIII). 

The process described in Scheme 4 discloses the 
sequential addition of diisobutylaluminum hydride and 
vinylmagnesium bromide to (XIX) to give the mixture of allylic 
alcohols (XX). Mesylation of (XX) followed by displacement 
with R 3 MgBr/catalytic cuprous cyanide provides (E)-alkene 
(XXI). Epoxidation of (XXI) gives (XXII) which is opened with 
lithium azide to provide (XXIII). Reduction of the azido 
group in (XXIII) to give (XXIV) followed by acidic 
deprotection of (XXIV) leads to diamine (XXV). 

The process described in Scheme 5 discloses the 
assemblage of HIV protease inhibitors from intermediate 
(XXVI), which represents structures (VI), (VII), (VIII), (X), 
(XII), (XVIII), or (XXV). The transformation of (XXVI) to 
(XXVII) can be achieved via an active ester such as a p- 
nitrophenyl ester of a carboxylic or sulfonic acid, or through 
direct coupling of the acid with (XXVI) in the presence of a 
coupling reagent. Alternately, protected a-aminoacids (W) can 
be coupled to (XXVI) to provide (XXVIII). Deprotection to 
give (XXIX), followed by coupling with Z-OH or activated 
derivatives thereof provides (XXVII). Alternatively, (XXVI) 
can be coupled with Z-W-OH or activated derivatives thereof to 
provide (XXVII). 


Coupling reagents known in the art which can be used 
include, but are not limited to, dicyclohexylcarbodiimide 
(DCC), 3-ethyl-3'-(dimethylamino)propylcarbodiimide (EDC), 
bis(2-oxo-3-oxazolidinyl)-phosphinic chloride (B0P-C1), 
diphenylphosphoryl azide (DPPA) and the like. 

In addition to the use of the carboxylic acids or 
sulfonic acids for coupling with amines, acid halides and 
other activated esters are useful for coupling with amines. 
Acid halide derivatives include the acid chloride. Activated 
ester derivatives include activated esters commonly used by 
those skilled in the art for activating carboxylic acid groups 
for coupling with an amine to form.an amide bond or for 
coupling with an alcohol for forming an ester bond including, 
but not limited to, formic and acetic acid derived anhydrides, 
anhydrides derived from alkoxycarbonyl halides such as 
isobutyloxycarbonylchloride and the like, N-hydroxysuccinimide 
derived seters, N-hydroxyphthalimide derived esters, N- 
hydroxybenzotriazole derived esters, N-hydroxy-5-norbornene- 
2 ,3-dicarboxamide derived esters, 2,4,5-trichlorophenol 
derived esters and the like. 

Scheme 6 illustrates the preparation of a particular 
substituent A which is N-(N'-2-pyridylmethyl-N'-methyl- 
aminocarbonyl)-L-valine (XXXV). 2-Picolinaldehyde (XXXI) is 
converted to 2-(N-methyl)aminomethylpyridine (XXXII) by 
treatment with methylamine, followed by hydrogenation. 

Reaction of (XXXII) with the methyl or benzyl ester of N- 
phenoxycarbonyl-L-valine ((XXXIII) provides (XXXIV). 

Hydrolysis (R=Me) or hydrogenation (R=benzyl) of (XXXIV) 
provides (XXXV). 

Scheme 7 illustrates the preparation of the compounds of 
the invention wherein A and B are not identical. Starting 
with diamine (XXXVII) as a representative substituent X, 
monoacylation of the diamine with the p-nitrophenyl ester or 
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p-nitrophenyl carbonate of A-OH provides a mixture of 
(XXXVIII) and (XXXIX). This mixture can be separated by 
•silica gel chromatography. Acylation of (XXXVIII) with the 
p-nitrophenyl ester or p-nitrophenyl carbonate of B-OH 
provides (XL). Similarly, acylation of (XXXIX) with the 
p-nitrophenyl ester or p-nitrophenyl carbonate of B-OH 
provides (XLI). 

Scheme 8 illustrates the preparation of compounds of the 
invention having substituent X derived from (XLIV) or (XLV). 
Reaction of aldehyde (XLII) with aminoester (XLIII) provides 
(XLIV). N-Oxidation of (XLIV) provides (XLV). Deprotection 
of (XLV) and coupling with the appropriate substituents A and 
B provides (XLVII). Alternatively, deprotection of (XLIV), 
followed by coupling with A and B and N-oxidation, provides 
(XLVII). 
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SCHEME 2A 
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SCHEME 6 
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The following examples will serve to further illustrate 
preparation of the novel compounds of the invention. 

Example 1 

A--Cbz-L-phenylala ninal. 

A solution of 24.5 ml of anhydrous dimethyl sulfoxide in 
870 ml of anhydrous dichloromethane was cooled under N2 
atmosphere to - 60 °C and treated over a period of 15 min with 
131 ml of a 2 M solution of oxalyl chloride in 
dichloromethane in order that the internal temperature 



remained below - 50 °C. After addition, the solution was 
stirred at - 60 °C for 15 min and treated over a period of 20 
min with a solution of 50 g ( 0.175 mol) of Cbz-L- 
phenylalaninol in 200 ml of dichloromethane. The resulting 
solution was stirred at - 60 °C for 1 h, then treated over a 
period of 15 min with 97 ml of triethylamine in order that 
the internal temperature remained below - 50 °C. After 
addition the solution was stirred at - 60 °C for 15 min, then, 
with the cooling bath in place, was treated rapidly (over a 
period of 1 min) with a solution of 163 g of citric acid in 
550 ml of water. The resulting slurry was stirred vigorously 
for 10 min, allowed to warm, diluted to 1 liter with water, 
and separated. The organic layer was washed with 700 ml of 
water followed by a mixture of 550 ml of water and 150 ml of 
saturated aqueous NaHCC>3, dried over MgS04, and concentrated 
in vacuo at 20 °C to give the crude desired compound as a 
light yellow solid. 

■ B_,- 12 .S, 3 R. 4 R, 5 S) - 2 . 5 -Bis- (N-Cbz-am ino) - 3 . 4 -dihydroxY-l. 6- 

d iphenvlhexane and ( 2 S. 3 S. 4 S. 5 S)- 2 , 5 -Bis-(N-Cbz-amino)- 3 . 4 - 
dihvdroxv-1.6-diphen ylhexane. 

A suspension of 78.5 g of VC13-(tetrahydrofuran)3 and 16 
g of zinc dust in 400 ml of dry dichloromethane was stirred 
under N2 atmosphere for 1 h at 25 °C. A solution of 0.175 mol 
of Cbz-L-phenylalaninal in 200 ml of dichloromethane was then 
added in one portion, and the resulting mixture was stirred 
at ambient temperature under N2 atmosphere for 16 h. The 
resulting mixture was added to 500 ml of 1 M aqueous HC 1 , 
diluted with 500 ml of hot chloroform, and shaked vigorously 
for 2 min. The layers were separated, and the organic layer 
was washed with 1 M aqueous HC 1 and separated. Filtration of 
the organic phase provided the crude desired product as a 
solid residue. The residue was slurried in 1.25 liters of 


acetone, treated with 5 ml of concentrated H 2 SO 4 , and stirred 
for 16 h at ambient temperature. The resulting mixture was 
filtered, and the residue (residue A) was washed with 50 ml 
of acetone. The combined filtrate was concentrated to a 
volume of 250 ml, diluted with 1000 ml of dichloromethane, 
washed three times with water and once with saturated brine, 
dried over MgS 04 , and concentrated to give a viscous oil. 

The oil was taken up in 1000 ml of 1 M HC1 in methanol 
(prepared from 71 ml of acetyl chloride and 1000 ml of 
methanol) and stirred at ambient temperature for 2 h. The 
resulting precipitate was filtered, washed with methanol, and 
air-dried on the filter to provide 26.7 g of the desired 
compound as a white solid. The filtrate was concentrated and 
filtered to give a second crop (8.3 g) of (2S,3R,4R,5S)-2,5- 
bis-(N-Cbz-amino)-3,4-dihydroxy-l, 6 -diphenylhexane. 1 H NMR 
(d 6 -DMSO) 5 2.59 (dd, J = 13, 5 Hz, 2 H) , 2.74 (dd, J = 13, 9 
Hz, 2 H), 3.26 (br, 2 H), 4.19 (m, 2 H), 4.54 (m, 2 H), 4.92 

(m, 4 H), 6.82 (d, J = 9 Hz, 2 H) , 7.0-7.35 (m, 20 H) . Mass 

spectrum: (M + H) + = 569. 

Residue A (above, 2.65 g) was suspended in 75 ml of 
tetrahydrofuran and 75 ml of 1 M aqueous HC1 and heated at 
reflux for 24 h. After concentration of the resulting 
solution in vacuo, the residue was taken up in 10 % methanol 
in chloroform, washed two times with water, dried over Na 2 SC> 4 , 
and concentrated in vacuo to provide (2S,3S,4S,5S)-2,5-bis- 
(N-Cbz-amino)-3,4-dihydroxy-l, 6 -diphenylhexane as a white 
solid. iH NMR (d 6 -DMSO) 8 2.64 (m, 2 H), 3.04 (m, 2 H), 3.49 

(m, 2 H) , 3.78 (m, 2 H), 4.70 (d, J = 7 Hz, 2 H), 4.93 (AA', 

4 H), 7.1-7.4 (m, 20 H). Mass spectrum: (M + H) + = 


569 . 


-(2S. 3R, 4S. 5S) -3-Acetoxv-2.5-bis - (N-Cbz-aminol -3-bromo- 

1 . 6 -diphenylhexane. 

A suspension of 25 g (44 mmol) of (2S,3R,4R,5S)-2,5-bis- 
(N-Cbz-amino)-3,4-dihydroxy-l, 6 -diphenylhexane in 500 ml of 
2:1 dichloromethane/hexane was treated with 23 g of a- 
acetoxyisobutyryl bromide. The resulting mixture was stirred 
at ambient temperature until the reaction clarified, washed 
with two 200 ml portions of saturated aqueous NaHC 03 , dried 
over MgSC> 4 , and concentrated in vacuo to give 30.8 g of the 
crude desired compound. A portion was purified by silica gel 
chromatography using 9:1 dichloromethane:ethyl acetate to 
provide.the pure desired compound as a white solid. NMR 

- (CDCI 3 ) 8 2.21 (s, 3 H), 2.62 (dd, J = 13, 11 Hz, 1 H), 2.75 
(d, J = 7 Hz, 2 H), 2.95 (br d, J = 15 Hz, 1 H), 4.03 (br t, 

J = 10 Hz, 1 h), 4.40 (br d, J = 10 Hz, 1 H), 4.6-5.0 (m, 6 
H), 5.12 (br d, J = 13 Hz, 1 H), 5.33 (br d, J = 11 Hz, 1 H), 
7.0-7.4 (m, 10 H). Mass spectrum: (M + NH 4 ) + = 690, 692. 

H.-(2S,3S.5S)-3-Acetoxv-2.5-bis-( N-Cbz-amino)- 1 . 6 - 

diohenylhexane. 

A solution of 30.8 g (44 mmol) of the crude resultant 
compound of Example 1C in 600 ml of tetrahydrofuran was 
treated with 17.8 ml (66 mmol) of tri-n-butyltin hydride and 
1.45 g ( 8.8 mmol) of 2,2'-azobis-(2-methylpropionitrile] . 

The resulting solution was heated at reflux under N 2 
atmosphere for 1.5 h. After being allowed to cool, the 
solution was concentrated in vacuo, and the residue was taken 
up into acetonitrile and washed with four portions of hexane. 
The acetonitrile layer was dried over MgS 04 , filtered, and 
concentrated in vacuo to provide 32 g of the crude desired 
compound. Mass spectrum: (M + NH 4 ) + = 612. 



EL.-(2S. 3S. 5S) - 2 . 5-Diamino-l . 6-diphenyl-3-hydroxyhf;xane . 

A suspension of 32 g of the crude resultant compound of 
Example ID and 55.5 g (176 mmol) of barium hydroxide 
octahydrate in 400 ml of 1,4-dioxane and 400 ml of water was 
heated at reflux for 4 h. The resulting mixture was 
filtered, and the residue was rinsed with dioxane. The 
combined filtrates were concentrated to a volume of 
approximately 200 ml and extracted with four 400 ml portions 
of chloroform. The combined organic layers were dried over 
Na 2 SC> 4 , filtered, and concentrated in vacuo. The residue was 
purified by silica gel chromatography using first 2% 
isopropylamine in chloroform and then 2% isopropylamine/2 % 
methanol in chloroform to provide 10.1 g (81%) of the pure 
desired compound as a white solid. X H NMR (CDC1 3 ) 8 1.54 (dt, 
J = 14, 10 Hz, 1 H), 1.67 (dt, J = 14, 3 Hz, 1 H), 2.50 (dd, 

J = 13, 8 Hz,. 1 H) , 2.58 (dd, J = 13, 8 Hz, 1 H) , 2.8 (m, 2 
H), 2.91 (dd, J = 13, 5 Hz, 1 H), 3.10 (m, 1 H), 3.72 (ddd, J 
= 11, 3, 2 Hz, 1 H), 7.1-7. 4 (m, 10 H). Mass spectrum: (M + 

H) + = 285. 


Example 2 

iL-a-Isocvanato-valine Me thyl Ester . 

A suspension of L-valine methyl ester hydrochloride 
(49 g, 0.29 mol) in toluene (700 ml) was heated to 100°C 
and phosgene gas was bubbled into the reaction mixture. 
After approximately 6 h, the mixture became homogeneous. 

The bubbling of phosgene was continued for 10 more min, 
then the solution was cooled with the bubbling of N 2 gas. 
The solvent was then evaporated and the residue chased with 
toluene two times. Evaporation of solvent gave 40.8 g 
(89%) of the crude desired compound. 


B-- N~ ( (2-Pvridinvl) methoxvcarbonyl) -valine Methvl Ester. 

A solution of 0.78 g (5.0 mmol) of the resultant 
compound of Example 2A and 0.55 ml (5.7 mmol) of pyridine-2- 
methanol in 30 mL of toluene was heated at reflux under N 2 
atmosphere for 4 h. The solvent was removed in vacuo, and 
the residue was purified by silica gel chromatography using 
2% methanol in chloroform to give 0.72 g (54%) of the desired 
compound as an oil. 1 H NMR (CDCI 3 ) 5 0.91 (d, J = 7 Hz, 3 H), 
0.98 (d, J = 7 Hz, 3 H), 2.19 (m, 1 H), 3.75 (s, 3 H), 4.32 
(dd, J = 9, 5 Hz, 1 H), 5.24 (s, 2 H), 5.39 (br d, 1 H), 7.23 
(ddd, J = 8, 4, 1 Hz, 1 H), 7.37 (d, J = 8 Hz, 1 H), 7.70 

(td, J = 8, 2 Hz, 1 H), 8.60 (br d, 1 H). Mass spectrum: (M 

+ H) + = 267. 

-N-((2-Pvridinvl)methoxvcarbonyl )-valine. 

Using the procedure of Example 3E but replacing the 
resultant compound of Example 3D with the resultant compound 
of Example 2B provided the desired compound. 

IL-N-((2-Pvridinvl)methoxycarbony l)-valine p-Nitrophenyl 

Ester. 

Using the procedure of Example 3F but replacing the 
resultant compound of Example 3E with the resultant compound 
of Example 2C provided the desired compound. 

E-.-(2S.3S.5S) -2.5-Bis- (N- (N- ( (2-pyridiny l) methoxycarbonyl) - 

^alinvl)-amino)- 1 .6 -diphenyl-3-hydroxyhexane. 

A solution of 0.13 g (0.46 mmol) of the resultant 
compound of Example IE in 2 ml of dry dimethylformamide was 
treated with 0.5 g of the resultant compound of Example 2D. 
After being stirred at ambient temperature for 16 h, the 
solution was treated with saturated aqueous NaHC 03 , extracted 
with 5% methanol in chloroform, dried over Na 2 SC> 4 , and 
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concentrated in vacuo. The residue was purified by silica 
gel chromatography using a gradient of 2% - 3% - 5% methanol 
in chloroform to' provide 161 mg (45%) of the pure desired 
compound, m.p. 220-222°C. Mass spectrum: (M + H) + = 753. 

Anal. Calcd for C 4 2H52N 6 0 7 • 0.5H 2 0: C, 66.21; H, 7.01; N, 
11.03. Found: C, 65.92; H, 6.90; N, 10.80. 

Example 3 

A* -2.-QJ- (t-Butylo xycarbonyl) aminomethyl) pyridine . 

A solution of 21.2 g (97 mmol) of di-t-butyldicarbonate 
in 200 ml of dichloromethane was cooled to 0°C and treated in 
portions with 10 ml (-97 mmol) of 2-(aminomethyl)pyridine. 
After being allowed to warm to ambient temperature and 
stirred overnight, the resulting solution was diluted with 
100 ml of dichloromethane, washed with three 100 ml portions 
of water, dried over Na 2 SC> 4 , and concentrated in vacuo to 
provide 19.8 g (98%) of the desired compound (R f 0.28, 5% 
methanol in chloroform)'. 1 H NMR (CDC1 3 ) 8 1.47 (s, 9 H) , 4.45 

(d, J = 6 Hz, 2 H), 5.56 (br, 1 H), 7.18 (m, 1 H), 7.28 (d, J 
= 8 Hz, 1 H), 7.66 (td, J = 7, 2 Hz, 1 H) , 8.53 (m, 1 H) . 

Mass spectrum: (M + H) + = 209. 

B-.-2- ( (N- (t-Bu tvloxvcarbonvl).-N-methvlamino) methyl) pyridine . 

A solution of 19.8 g (95 mmol) of the resultant compound 
of Example 3A in anhydrous tetrahydrofuran was cooled under 
N 2 atmosphere to 0°C and treated with 4.95 g (124 mmol) of 
sodium hydride (60% dispersion in oil). The solution was 
stirred for 15 min, treated dropwise with 7.1 ml (114 mmol) 
of methyl iodide, stirred at ambient temperature for 2 h, and 
quenched cautiously with water. The resulting mixture was 
partitioned between ether and water, dried over Na 2 S 04 , and 
concentrated in vacuo. Chromatography on silica gel provided 
14.9 g (70%) of the desired compound as a colorless oil. 1 H 
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NMR (CDC1 3 ) 8 1.43, 1.49 (two s, 9 H) , 2.89, 2.94 (two s, 3 
H) , 4.54, 4.57 (two s, 2 H) , 7.2 (in, 2 H) , 7.67 (td, J = 8, 2 
Hz, 1 H) , 8.55 (d, J = 4 Hz, 1 H) . Mass spectrum: (M + H) + 

= 223. 

-2- (N-Methvlamino) methyl) pyridi ne Dihydrochloride. 

The resultant compound of Example 3B (10 g) was treated 
with 200 ml of 6 M aqueous HC1 and heated at reflux for 10 
min. After being allowed to cool, the solution was 
concentrated in vacuo. The residue was treated twice with 50 
ml of dioxane and concentrated in vacuo to provide the crude 
desired compound as a light brown solid. 

H-- N~((N-Methvl-N-((2-ovridinvl)methvl)ami n o)carbonyl)- 

valine Methyl Ester. 

A mixture of 1.61 g (7.2 mmol) of the resultant compound 

of Example 3C and 1.14 g (7.2 mmol) of the resultant compound 

of Example 2A in 40 ml of dichloromethane was treated with 2 
ml (18 mmol) of 4-methylmorpholine. After being stirred for 

2 h, the solution was partitioned between dichloromethane and 
water, dried over Na 2 SC> 4 , and concentrated. Chromatography on 
silica gel using 2% methanol in chloroform provided 1.94 g 
(96%) of the desired compound (R f 0.32, 5% methanol in 
chloroform) as a colorless oil. 1 H NMR (CDC1 3 ) 8 0.93 (d, J = 
7 Hz, 3 H), 0.97 (d, J = 7 Hz, 3 H), 2.16 (m, 1 H), 3.03 (s, 

3 H), 3.72 (s, 3 H), 4.43 (dd, J = 8, 5 Hz, 1 H), 4.55 (s, 2 

H), 6.15 (br, 1 H), 7.22 (dd, J = 8, 6 Hz, 1 H), 7.28 (d, J = 

6 Hz, 1 H), 7.69 (br t, 1 H), 8.55 (d, J = 5 Hz, 1 H). Mass 

spectrum: (M + H) + = 


280 . 


E_- Mr((NrMethvl-N-((2-Pvridinvl)-methvl)-a m ino)-carbonyl)- 

valine. 

A solution of 4.47 g (16 mmol) of the resultant compound 
of Example 3D in 65 ml of dioxane was treated with 65 ml of 
0.5 M aqueous lithium hydroxide. After being stirred at 
ambient temperature for 1 h, the resulting solution was 
concentrated in vacuo to a small volume (ca. 5 ml), 
neutralized to pH 5 with 1 M aqueous HC1, and extracted with 
three 100 ml portions of ethyl acetate. The combined organic 
layers were dried over Na 2 S 04 and concentrated in vacuo to 
provide 3.61 g (85%) of the desired compound as an oil. 

E-.— M~ ( (N-Me thvl-N- ( (2-Pvrid invl) -methvl) -amino) -carbonvl) - 

valine o-Nitrophenyl Ester. 

A solution of 3.61 g (13.6 mmol) of the resultant 
compound of Example 3E and 2.3 g (16 mmol) of p-nitrophenol 
in 60 ml of anhydrous tetrahydrofuran was treated with 3.09 g 
(15 mmol) of dicyclohexyl carbodiimide and stirred under N 2 
atmosphere at ambient temperature for 4 h. The resulting 
mixture was filtered and the residue was rinsed with fresh 
tetrahydrofuran. The combined filtrates were concentrated in 
vacuo to provide the crude desired compound as a yellow oil. 

-(2S.3S.5S)-2. 5-Bis-(N-(N- ( ( N-methyl-N-((2-pyridinyl)- 

methvl)-a mino) -carbonvl)-valinyl)-amino)-1,6-diphenyl-3- 

hydrox yhexane. 

A solution of 1.26 g (4.44 mmol) of the resultant 
compound of Example IE in 20 ml of 1:1 tetrahydrofuran: 
dimethylformamide was treated with 11 mmol of the resultant 
compound of Example 3F. After being stirred at ambient 
temperature under N 2 atmosphere for 16 h, the resulting 
solution was diluted with 600 ml of ethyl acetate, washed 



with five 200 ml portions of aqueous NaHC 03 , dried over 
Na 2 S 04 , and concentrated in vacuo. Purification of the 
residue on silica gel using first 2 % methanol in chloroform 
then 5% methanol in chloroform provided 2.95 g ( 86 %) of the 
pure desired compound as a white solid, m.p. 134-137°C. Mass 
spectrum: (M + H) + = 779. 

Anal. Calcd for C 44 H 58 N 8 O 5 • 1.5H 2 0: C, 65.57; H, 7.63; N, 
13.90. Found: C, 65.74; H, 7.24; N, 13.83. 

Example 4 

2L.-(2S, 3R, 4R, 5S) -2. 5-Diamino- 3.4-dihYdroxy-l. 6 - 

diohenylhexane. 

Using the procedure of Example IE with (2S,3R,4R,5S)- 
2,5-bis-(N-Cbz-amino)-3,4-dihydroxy-l, 6 -diphenylhexane 
provided the crude desired compound mixed with benzyl alcohol 
•in 92% yield. Purification of a sample was achieved by 
silica gel chromatography using 2 % isopropylamine in 
chloroform. X H NMR (CDCI 3 ) 6 2.71 (dd, J = 13, 9 Hz, 2 H) , 
2.92 (dd, J = 13, 5 Hz, 2 H) , 3.03 (dd, J = 9, 5 Hz, 2 H) , 
3.68 (s, 2 H), 7.15-7.35 (m, 10 H). Mass spectrum: (M + 
H) + = 301. 

El.- (2S. 3R. 4R. 5S) -2. 5-Bis- (N- (Cbz-valinyl ) amino) -3.4- 

dihvdroxv- 1 . 6 -diphen ylhexane. 

A mixture of 2.5 g of the crude resultant compound of 
Example 4A and 6 g of Cbz-valine p-nitrophenyl ester in 80 
ml of tetrahydrofuran was stirred at ambient temperature 
for 16 h. The resulting mixture was treated with 20 ml of 
3 M aqueous NaOH, stirred for 3 h, and concentrated in 
vacuo to a volume of 20 ml. The mixture was filtered, and 
the residue was washed sequentially with aqueous NaOH 
(until the residue was white), water, and diethyl ether. 

The residue was then taken up into 10% methanol in 
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chloroform, dried over Na 2 SC> 4 , and concentrated in vacuo to 
provide 2.77 g (75%) of the desired compound, m.p. 231- 
232°C. Mass spectrum: (M + H) + = 767. 

Anal. Calcd for C 44 H 54 N 4 O 8 •0. 25 H 20 : C, 68.51; H, 

7.12; N, 7.26. Found: C, 68.48; H, 7.11; N, 7.12. 

-(2S. 3R. 4R. 5S) -2.5-Bis - (N- (valinyl) amino) -3.4-dihydroxy- 

1 . 6 -diphenylhexane. 

A mixture of 2.21 g of the resultant compound of 
Example 4B and 0.55 g of 10% palladium on carbon in 150 ml 
of methanol was shaken under 4 atmospheres of hydrogen for 
4 h. The resulting mixture was filtered through Celite and 
concentrated in vacuo to provide the desired compound (Rf 
0.07, 10% methanol in chloroform) as a white solid, m.p. 
205-207°C. Mass spectrum: (M + H) + = 499. 

Anal. Calcd for C 28 H 42 N 4 O 4 •0.75H 2 0: C, 65.66; H, 8.56; 
N, 10.94. Found: C, 65.47; H, 7.93; N, 10.59. 

EL-Leans -(2S,3R.4R,SSI-2.5-Bis-(N-(N-(trans-3-(3-pvridinyl)- 

2 rpr0penpy l )-va li nvl)am i n o)-3. 4-dihvdroxy-l. 6 -diphenvlhexane. 

Using the procedure of Example 61 but replacing the 
resultant compound of Example 6 H with the resultant compound 
of Example 4C provided the desired compound, m.p. >260°C. - 
Mass spectrum: (M + H) + = 761. 

Example 5 

A,-trans-Ethvl 3-(2-Pyridi nvl)acrylate. 

A solution of 0.43 g (10.7 mmol) of sodium hydride (60% 
oil dispersion) in anhydrous tetrahydrofuran was cooled under 
N 2 atmosphere to 0°C and treated dropwise with 2.1 ml (10.5 
mmol) of triethylphosphonoacetate. After being stirred for 
10 min, the solution was treated with 1.0 ml of pyridine- 2 - 
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carboxaldehyde, heated at reflux for 2 h, cooled, partitioned 
between ether and aqueous ammonium chloride, washed 
sequentially with water and saturated brine, dried over 
M 9 SO 4 , and concentrated. Silica gel chromatography of the 
residue using 30% ethyl acetate in hexane provided 1.54 g 
(83%) of the desired compound as an oil. NMR (CDCI 3 ) 5 

1.34 (t, J = 7 Hz, 3 H), 4.28 (q, J = 7 Hz, 2 H), 6.92 (d, J 

= 15 Hz, 1 H) , 7.27 (ddd, J = 8 , 5, 2 Hz, 1 H) , 7.43 (dt, J = 
8 , 1 Hz, 1 H), 7.69 (d, J = 15 Hz, 1 H), 7.71 (td, J = 8, 2 
Hz, 1 H), 8.66 (dm, 1 H). 

B_.- trans-3- (2-Pyridinyl) acrylic Acid . 

A solution of 13.6 g (82 mmol) of the resultant compound 
of Example 5A in 330 ml of 1,4-dioxane was treated with 330 
ml of 0.5 M aqueous lithium hydroxide. The resulting 
solution was stirred at ambient temperature for 2 h, 
neutralized with 165 ml of 1 N aqueous HC1, concentrated in 
vacuo to a volume of 200 ml, and extracted with five 100 ml 
portions of chloroform. The combined organic layers were 
dried over Na 2 S 04 and concentrated in vacuo to give 11.3 g 
(94%) of the desired compound as a white solid. 

- (2Sf 3R, 4R, 5S) -2,5-Bis- (N- (N- (trans-3- (3-pyridinyl) - 2 - 

propenov l )-ya l inv l ) amino)- 3,4-dihydroxy-l. 6 -diphenylhexane. 

Using the procedure of Example 61 but replacing the 
resultant compound of Example 6 H with the resultant compound 
of Example 4C and replacing trans-3-(3-pyridyl)acrylic acid 
with trans-3-(2-pyridyl)acrylic acid provided the desired 
compound, m.p. 285-289°C. Mass spectrum: (M + H) + = 761. 

Anal. Calcd for C 44 H 5 2 N 6 O 6 - 0 . 75 H 2 O: C, 68.24; H, 6.96; 

N, 10.85. Found: C, 68.04; H, 6.92; N, 10.87. 
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Example 6 

Aj - 4~(t-Butvloxvcarbonylamino)-3-hvdroxy-5-phenyl-l-pentene. 

A solution of 10.25 g (36.7 mmol) of N-(t- 
butyloxycarbonyl)phenylalanine methyl ester in 60 ml of 
toluene was cooled to —78°C under inert atmosphere and 
treated dropwise over a period of 45 min with 35 ml (52.5 
mmol) of diisobutylaluminum hydride in toluene. The 
resulting solution was stirred for 5 min, treated with 200 ml 
(200 mmol) of vinylmagnesium bromide, and allowed to warm to 
0°C for 16 h. The solution was subsequently quenched 
cautiously with methanol, treated with aqueous Rochelle 
salts, stirred for a few min, and filtered. The residue was 
digested several times with ethyl acetate and filtered; and 
the combined■filtrates were washed with saturated brine, 
dried over MgSt)^, and concentrated. Silica gel 
chromatography using 20% ethyl acetate in hexane gave 5.46 g 
(54%) of the pure desired compound as a mixture of 
diastereomers. 

- 2- (t-B utvloxvcarbonvlamino) -1.5-diphenylpent-3-ene . 

A solution of 15.1 g (54.5 mmol) of the resultant 
compound of Example 6A and 38 ml (220 mmol) of 
diisopropylethylamine in 450 ml of dry dichloromethane was 
cooled under N 2 atmosphere in an acetone/ice bath and 
treated dropwise with 8.5 ml (110 mmol) of methanesulfonyl 
chloride. The solution was stirred for 7 min after 
addition was complete, then was quenched with 400 ml of 10% 
citric acid. The bath was removed, and the mixture was 
extracted with 800 ml of ether. The organic layer was 
washed sequentially with 500 ml of water and 300 ml of 
saturated brine, dried over MgSC> 4 , and concentrated in 
vacuo to give the crude mesylate as an off-white solid, 
a flame-dried 3-neck 1000 mL flask equipped with an 
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internal low-temperature thermometer was added 1.45 g (16 
mmol) of anhydrous cuprous cyanide. The flask was then 
charged with 500 ml of anhydrous tetrahydrofuran. The 
suspension was cooled under N 2 altmosphere in a dry 
ice/acetone bath. A solution of phenylmagnesium bromide 
(55 ml, 165 mmol) in ether (3M) was added via syringe. The 
bath was removed, and the resulting beige suspension was 
warmed with stirring by use of a water bath. As the 
internal temperature reached -5°C, the solid began to 
dissolve, and the solution began to turn darker. By the 
time the internal temperature reached -1°C, the solution 
was homogenous, and was immediately recooled by placement 
of the flask in a dry ice/acetone bath. As the internal 
temperature reached -65°C, addition of a solution of the 
above crude mesylate in 75 ml of tetrahydrofuran was added 
via cannula. The resulting solution was stirred at ca. - 
70°C for 15 min. The bath was then removed, and the 
solution was immediately treated with 100 ml of saturated 
aqueous ammonium chloride followed by 300 ml of ether. As 
the mixture warmed, 100 ml of 1 N NH 4 OH was added, and the 
mixture was stirred under air atmosphere for several hours 
while the aqueous layer turned dark blue. The mixture was 
then extracted with 500 ml of ether. The organic layer was 
washed with saturated brine and concentrated in vacuo 
without drying to give a yellow oil. The combined aqueous 
layers were extracted with 500 ml of additional ether, 
which was added to the above oil. The resulting solution 
was washed with saturated brine, dried over MgS0 4 , and 
concentrated to a yellow oil. The oil was taken up in 100 
ml of dichloromethane, treated with 50 g of silica gel, and 
concentrated in vacuo until the residue was a freely 
flowing solid. The solid was placed on top of a 60 mm 
column containing 300 g of silica gel and eluted 
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sequentially with 1200 ml of hexane (to bring out biphenyl 
formed as a side product) followed by 5000 ml of 5 % ethyl 
acetate in hexane. Combination of the pure fractions gave 
11.95 g (65%) of the desired compound. ^-H NMR (CDCI 3 , 
major isomer) 6 1.40 (s, 9 H) , 2.7-2.9 (m, 2 H) , 3.32 (d, J 
= 7 Hz, 2 H), 4.4 (br, 2 H) , 5.43 (dd, J = 15, 6 Hz, 1 H) , 
5.64 (dt, J = 15, 7 Hz, 1 H) , 7.0-7.3 (m, 10 H) . 

£L.- 2- (t-Butvloxvcarbonylamino) -1.5-diphenvlpent-3-ene-3.4- 

oxirte. 

A solution of 11.71 g (34.75 mmol) of the resultant 
compound of Example 6 B in 200 ml of dichloromethane was 
treated with 15 g (174 mmol) of solid sodium bicarbonate, 
cooled to 0°C, and treated with 24 g (69 mmol) of m- 
chloroperbenzoic acid (50%). The resulting suspension was 
sealed with a septum and stirred in a cold room (5°C) for 
three days. The resulting mixture, which contained much 
precipitate, was decanted into a 1000 ml flask. The white 
residue was broken up and washed out with 400 ml of 10 % 
sodium thiosulfate solution and 300 ml of ether. The two- 
phase mixture was stirred for 2 hours, and the layers were 
separated. The organic layer was washed sequentially with 
200 ml portions of 2 M NaOH, water, and saturated brine. 

The combined aqueous layers were extracted with 200 ml of 
ether, which was washed sequentially with 50 ml of water 
and 50 mL of aqueous brine, combined with the original 
organic phase, dried over MgSC> 4 , and concentrated in vacuo. 
The resulting oil was taken up in 100 ml of 
dichloromethane, treated with 50 g of silica gel, and 
concentrated in vacuo until the residue was a freely 
flowing solid. The solid was placed on top of a 60 mm 
column containing 300 g of silica gel and eluted 
sequentially with 1000 ml of 5% ethyl acetate in hexane 



followed by 3500 ml of 12 % ethyl acetate in hexane. 
Concentration of the combined fractions gave 9.36 g (76%) 
of the desired compound (ca. 4:1 mixture of diastereomers) 
as an oil which solidified upon standing. 



A solution of 9.12 g (25.84 mmol) of the resultant 
compound of Example 6 C, 7.0 g (140 mmol) of lithium azide, 
and 1.73 g (32 mmol) of ammonium chloride in 75 ml of 
dimethylformamide and 7.5 ml of water was heated in an oil 
bath at 70°C for 32 hours. After being allowed to cool, 
the resulting solution was treated with 1000 ml of 1:1 
ether/hexane and 800 ml of water. The layers were 
separated, and the aqueous layer was extracted with 500 ml 
of additional 1:1 ether/hexane. The combined organic 
layers were washed sequentially with 400 ml of water and 
200 ml of saturated brine, dried over MgSC> 4 , and 
concentrated in vacuo to a solid. The solid was taken up 
in 100 ml of dichloromethane, treated with 50 g of silica 
gel, and concentrated in vacuo until the residue was a 
freely flowing solid. The solid was placed on top of a 60 
mm column containing 300 g of silica gel and eluted 
sequentially with 1000 ml of 10 % ethyl acetate in hexane, 
1000 ml of 15% ethyl acetate in hexane, and 2000 ml of 25% 
ethyl acetate in hexane. Concentration of the fractions 
gave 9.26 g (91%) of the desired compound as a ca. 4:1 
mixture of diastereomers. X H NMR (CDCI 3 , major isomer) 8 

1.42 (s, 9 H), 2.78 (m, 1 H), 2.89 (m, 1 H), 3.13 (m, 1 H), 

3.29 (m, 1 H), 3.41 (m, 1 H), 3.53 (m, 1 H), 3.80 (m, 1 H), 

4.06 (m, 1 H), 4.83 (m, 1 H), 7.2-7.35 (m, 10 H). Mass 

spectrum (M+H) + = 338. 
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E-- 4-Am i nQ- 2 - (t-butvloxvcarbonylamino) -1 .5-dinh«*nyl -7- 

kydroxypentane. 

A rapidly stirring suspension of 1.8 g of 10% palladium 
on carbon in 50 ml of methanol was treated under inert 
atmosphere with 10 g (0.16 mol) of solid ammonium formate. 
After 10 min, a solution of 8.95 g (22.6 mmol) of the 
resultant compound of Example 6 D in 80 ml of methanol was 
added. The resulting mixture was stirred for 2.5 h, filtered 
through Celite, and the catalyst was washed with 200 ml of 
1:1 methanol:1 N ammonium hydroxide. The combined filtrates 
were concentrated in vacuo to a volume of 100 ml. The 
resulting mixture was treated with 1 N NaOH and extracted 
with two portions of chloroform. The combined organic layers 
were dried over sodium sulfate and concentrated. The residue 
was chromatographed on 300 g of silica gel using the 
following eluents: 500 ml of 2% methanol in chloroform, 500 
ml of 5% methanol in chloroform, 1500 ml of 10% methanol in 
chloroform, and 1000 ml of 2 % isopropylamine/ 10 % methanol in 
chloroform. Concentration of the appropriate fractions 
provided 5.85 g (70%) of (2S,3S,4S)-4-amino-2-(t- 
butyloxycarbonylamino)-1,5-diphenyl-3-hydroxypentane (Rf 
0.38, 2.5% methanol/ 2 % isopropylamine in chloroform) as a 
white solid, m.p. 134-135°C. iH NMR (CDCI 3 ) 5 1.48 (s, 9 H), 
2.50 (dd, J = 13, 10 Hz, 1 H), 2.8-3.1 (m, 4 H), 3.41 (br d, 

J = 7 Hz, 1 H), 4.11 (br q, J = 8 Hz, 1 H), 4.83 (br d, J = 9 
Hz, 1 H), 7.15-7.35 (m, 10 H). Mass spectrum (M+H) + = 370. 

Anal. Calcd. for C 22 H 30 N 2 O 3 •0.15H 2 0: C, 70.81; H, 8.18; 
N, 7.51. Found: C, 70.89; H, 8.15; N, 7.43. 

Also isolated in the chromatography was 1.22 g (15%) of 
(2S,3R,4R)-4-amino-2-(t-butyloxycarbonylamino)-1,5-diphenyl- 
3-hydroxypentane. 
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E-.-(2S. 4S) -2.4-Diamino-l. 5-diphe nvl-3-hYdroxYpf>ntanp . 

The resultant compound of Example 6 E (18 mg, 0.049 mmol) 
was treated with 1 ml of 4 M HC1 in dioxane, stirred for 0.5 
h at ambient temperature, and concentrated in vacuo. The 
residue was partitioned between chloroform and aqueous 
NaHC0 3 , dried over Na 2 S0 4 and concentrated to provide the 
desired compound (R f 0.12, 10% methanol in chloroform) as a 
white solid, m.p. 106-107°C. !h NMR (CDC1 3 ) 8 2.51 (dd, J = 
13, 10 Hz, 1 H), 2.67 (dd, J = 13, 9 Hz, 1 H), 2.85-3.0 (m, 2 
H), 3.19 (m, 1 H), 3.38 (m, 2 H), 7.15-7.35 (m, 10 H). Mass 
spectrum: (M + H) + = 271. 

£L -(2 S, 4S) - 2 , 4-B i s -(N-(Cb z -va linvl)-amino)- 1 .5-diohenyl-3- 

hvdroxvpentane. 

A solution of 0.65 g (2.4 mmol) of the resultant 
compound of Example 6 F, 2 .68 g (7.2 mmol) of N-Cbz-valine p- 
nitrophenyl ester and 1.34 ml (9.6 mmol) of triethylamine in 
6 ml of tetrahydrofuran was heated at reflux under N 2 
atmosphere for 16 h. The resulting suspension was cooled, 
diluted with 30 ml of tetrahydrofuran, treated with 10 ml of 
3 M aqueous NaOH, and stirred at ambient temperature for 3 h. 
The mixture was diluted with 250 ml of chloroform, washed 
with four 100 ml portions of 0.5 M aqueous NaOH, dried over 
MgS0 4 , and concentrated in vacuo. Silica gel chromatography 
of the residue using 5% methanol in dichloromethane provided 
1.70 g (96%) of the desired compound as a white solid, m.p. 
198-200°C. Mass spectrum (M+H) + = 737. 

Anal. Calcd. for C 4 3 H 52 N 4 07 • 0.5H 2 0: C, 69.24; H, 7.16; 

N, 7.51. Found: C, 69.40; H, 7.29; N, 7.47. 



ii-- 12S, 4S) -2.4-Bis- (N- (valinyl) -amino) -1. 5-diphenyl-3- 

hvdroxvpentane. 

A mixture of 1.65 g (2.24 mmol) of the resultant 
compound of Example 6G and 165 mg of 10% palladium on carbon 
in 80 ml of methanol was stirred rapidly under an H 2 
atmosphere for 16 h. The resulting solution was filtered 
through Celite and concentrated in vacuo to provide 1.04 g 
(99%) of the desired compound as a white solid, m.p. 131- 
132°C. 

-L2S, 4S) -2.4-Bis- (N- (N- (trans -3- (3-pyridinyl) -2- 

propenovl)-valinvl) amino)-1.5-dipheny l -3-hYdroxypentane. 

A mixture of 100 mg (0.213 mmol) of the resultant 
compound of Example 6H, 95.5 mg (0.64 mmol) of trans-3-(3- 
pyridyl)acrylic acid, and 86.5 mg (0.64 mmol) of 1- 
hydroxybenzotriazole monohydrate in 2 ml of dry 
dimethylformamide was cooled under N 2 atmosphere to 0°C and 
.treated with 122.7 mg (0.64 mmol) of ethyl- 
(dimethylaminopropyl)carbodiimide. The resulting solution 
was stirred at 0°C for 0.5 h, then at ambient temperature for 
16 h. The resulting mixture was concentrated in vacuo, and 
the residue was treated with saturated aqueous NaHCC >3 and 
extracted with five 10 ml portions of 10% methanol in 
dichloromethane. The combined organic layers were dried over 
Na 2 SC >4 and concentrated. Silica gel chromatography of the 
residue using 10% methanol in dichloromethane provided 132 mg 
(85%) of the desired compound as a white solid, m.p. 271- 
273°C (dec). Mass spectrum: (M + H) + = 731. 


Example 7 

12S,4S) -2. 4-Bis- (N- (N- (tran s-3- (2-pyridinyl) -2-propenoyl).- 
valin vl) amino)-1,5-diphenvl-3-hydroxypentane. 

Using the procedure of Example 61 but replacing trans-3- 
(3-pyridyl)acrylic acid with the resultant compound of 
Example 5B provided, after silica gel chromatography using 
10% methanol in dichloromethane, 155 mg (99%) of the desired 
compound, m.p. 257-259°C (dec). Mass spectrum: (M + H) + = 
■731. 


Example 8 

-trans-Ethvl 3-(4-Pvridvl)acrylate. 

Using the procedure of Example 5A but replacing 
pyridine-2-carboxaldehyde with pyridine-4-carboxaldehyde 
provided the desired compound. 

B_.-trans-3-(4-Pvridyl) acry lic Acid. 

Using the procedure of Example 5B with the resultant 
compound of Example 8A provided the desired compound. 

£-1 -(2S.4S)-2.4-Bis-(N- (N- (trans-3- ( 4-pyridinyl) -2- 

Pr.QPenovl) -valinvl) amino) -1. 5-diphenyl-3-hydroxypentane . 

Using the procedure of Example 61 but replacing trans-3- 
(3-pyridyl)acrylic acid with trans-3-(4-pyridyl)acrylic acid 
provided the desired compound, m.p. 250-251°C (dec) in 84% 
yield. Mass spectrum: (M + H) + = 731. 

Example 9 

—Ur ( (4—Phenvlpiioerazin—1—yl) carbonyl) -valine Methyl Ester. 

A solution of 2.016 g (12.8 mmol) of the resultant 
compound of Example 2A in 50 ml of dichloromethane was 
treated with 1.96 ml (12.6 mmol) of 1-phenylpiperazine. 


After being stirred at ambient temperature for 1 h, the 
solution was diluted with dichloromethane, washed with water, 
dried over Na 2 S 04 , and concentrated in vacuo. Purification by 
silica gel chromatography using 25% ethyl acetate in 
chloroform provided the desired compound. 1 H NMR (CDCI 3 ) 8 
0.93 (d, J = 7 Hz, 3 H), 0.97 (d, J = 7 Hz, 3 H), 2.15 (m, 1 

H), 3.20 (dd, J = 6 , 5 Hz, 4 H), 3,58 (m, 4 H), 3.74 (s, 3 

H),.4.48 (dd, J = 8 , 5 Hz, 1 H), 5.00 (br d, J = 8 Hz, 1 H), 

6.90 (t, J = 7 Hz, 1 H), 6.93 (d, J = 7 Hz, i H), 7.29 (m, 2 

H). Mass spectrum: (M + H) + = 320. 

^- N.t( (4-Phenvlpjperazin-l-vl) carbonvl) -valine . 

Using the procedure of Example 3E with the resultant 
compound of Example 9A provided the desired compound as a 
foam. 

£L-N~((4-Ph envlPiperazin-l-vl)carbonvl)-valine p-Nitrophenyl 

Ester. 

Using the procedure of Example 3F with the resultant 
compound of Example 9B provided the crude desired compound. 

D-.-(2S, 3 R, 4R, 5S) -2.5-Bis- (N- (N- ( (4-phenylpiperazin-l- 

v l )carbonvl)-valinvl)amino)-3.4-dihydroxy-l. 6 -diphenvlhexane. 

A solution of 0.2 g of the resultant compound of Example 
9C in 1 ml of 1:1 tetrahydrofuran:dimethyl-formamide was 
treated with 55 mg (0.11 mmol) of the resultant compound of 
Example 4A and stirred at ambient temperature for 16 h. The 
resulting solution was concentrated in vacuo, and the residue 
was purified by silica gel chromatography using first 
chloroform followed by 3% methanol in chloroform to provide 
140 mg (87%) of the desired compound, m.p. 172-173°C. Mass 
spectrum: (M + H) + = 875. 
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Example 10 

Ka - N~ ( (l-Benzvlpjperazin-l-yl) carbonyl) -valine M e thvl F.si-<=>r. 

A solution 'of 1.2 g (7.64 mmol) of the resultant 
compound of Example 2A in 50 ml of dichloromethane was 
treated with 1.33 ml (7.64 mmol) of 1-benzylpiperazine. 

After being stirred at ambient temperature for 16 h, the 
solution was diluted with chloroform, washed with water, 
dried over Na 2 SC> 4 , and concentrated in vacuo. Purification by 
silica gel chromatography using first 50% ethyl acetate in 
chloroform followed by 5% methanol in chloroform provided 
1.72 g (68%) of the desired compound as an oil. 

fL-Nr((4-Benzvlpiperazin- l-yl)carbonyl)-valine. 

Using the procedure of Example 3E with the resultant 
compound of Example 10A provided the desired compound as a 
foam. 

— N~ ((4-Benzvlpiperazin-l-yl) carbo n yl) -valine p-Nitrophenyl 

Ester. 

Using the procedure of Example 3F with the resultant 
compound of Example 10B provided the crude desired compound. 

H*-(2S,3R> 4R.5S)-2.5-Bis-(N-(N-((4-ben zylpiperazin-l- 

V l ) carbonvl)-valinvl) amino)-3.4-dihydrox y -l,6-diphenylhexane. 

Using the procedure of Example 3G but replacing the 
resultant compound of Example IE with the resultant compound 
of Example 4A and replacing the resultant compound of Example 
3F with the resultant compound of Example 10C provided, after 
silica gel chromatography using first 3% then 5% methanol in 
chloroform, the desired compound, m.p. 178-179°C, in 97% 
yield. Mass spectrum: (M + H) + = 903. 

Anal. Calcd for C 52 H 70 N 8 O 6 •1.00H 2 O: ' C, 67.80; H, 7.88; 

N, 12.16. Found: C, 67.82; H, 7.78; N, 12.02. 


Example 11 

-(2S.3R,4R.5S)-2.5-Bis-(N-Cbz-a mino)-3.4-bis-(mesyloxy)- 

1 . 6 -diphenylhexane. 

A slurry of 1.50 g (2.64 mmol) of (2S,3R,4R,5S)-2,5-bis- 
(N-Cbz-amino)-3,4-dihydroxy- 1 , 6 -diphenylhexane in 50 ml of 
anhydrous dichloromethane was cooled to 0°C and treated 
sequentially with 0.43 ml of methanesulfonyl chloride, 64 mg 
of 4-dimethylaminopyridine and 1.1 ml of triethylamine. The 
resulting mixture was stirred for 15 h with the temperature 
being allowed to slowly climb to ambient temperature. After 
treatment with aqueous NH 4 CI, the separated organic layer was 
washed with aqueous NaHCC> 3 , dried over MgSC> 4 , and concentrated 
in vacuo to provide 1.70 g (90%) of the desired compound, 
m.p. 153-155°C. !h NMR (CDCI 3 ) 8 2.73 (m, 2 H), 2.92 (m, 2 
H), 3.09 (s, 6 H), 4.61 (m, 2 H), 4.83-5.06 (m, 8 H), 7.12-' 
7.37 (m, 20 H). 

B_.-LAS. 5S. 4 ' S, 5 1 S) -4. 4 ' -Dibenzyl-5.5 '-bi s- (oxazolidin- 2 - 

one) . 

A solution of 0.2 g of the resultant compound of Example 
11A in 15 ml of dimethylformamide was heated at 120°C under N 2 
atmosphere for 18 h. After removal of the solvent, the 
residue was recrystallized from ethyl acetate/hexane to 
provide 46 mg of the desired compound. 

£L- L2.S.3S.4S,5S)-2.5-Diamino-3.4-dihydroxy-l. 6 - 

diohenylhexane. 

Using the procedure of Example IE but replacing the 
resultant compound of Example ID with either (2S,3S,4S,5S)- 
2 ,5-bis-(N-Cbz-amino)-3,4-dihydroxy-l, 6 -diphenylhexane or 
with the resultant compound of Example 11B provided the 
desired compound. !h NMR (CDC1 3 ) 8 2.63 (dd, J = 14, 11 Hz, 2 
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H), 2.85 (dd, J = 14, 4 Hz, 2 H) , 3.60 (dt, J - 11, 4 Hz, 2 
H), 3.92 (d, J = 3 Hz, 2 H), 7.2-7.4 (m, 10 H). Mass 
spectrum: (M + H) + = 301. 

-(2S, 3S. 4S. 5S) -2. 5-Bis- (N- ( N- ( (4-phenylpiperazin-l- 

y l )carbonv l )-va l invl)amino) -3.4 -dihydroxy-l. 6 -dlphenylhexane 
A solution of 105 mg (0.35 mmol) of the resultant 
compound of Example 11C in 3 ml of dimethylformamide was 
treated with 0.5 g of the resultant compound of Example 9C. 
After being stirred at ambient temperature under N 2 
atmosphere for 16 h, the resulting mixture was diluted with 
ethyl acetate and washed with five portions of 0.1 M aqueous 
K 2 CO 3 . The solid product, which was not soluble in ethyl 
acetate, was collected by filtration, washed on the filter 
with water, digested on the filter two times with ether and 
filtered to provide the desired compound as a white solid, 
m.p. 165-166°C. 


Example 12 

(2S,3S,4S,5S) -2,5-Bis-(N-(N-((4-benzylp i oerazin-l- 
Vl) c arbonvl) -valinvl)amino)-3.4-dihydroxv-l. 6 -diohenvlhexane. 

A solution of 80 mg (0.267 mmol) of the resultant 
compound of Example 11C in 3 ml of dimethylformamide was 
treated with 375 mg of the resultant compound of Example 10C. 
After being stirred at ambient temperature under N 2 
atmosphere for 16 h, the resulting solution was diluted with 
600 ml of ethyl acetate, washed with three portions of 
aqueous NaHC 03 and one portion of saturated brine, dried over 
Na 2 S 04 , and concentrated in vacuo. Purification of the 
residue on silica gel using first 3% methanol in chloroform 
then 5% methanol in chloroform provided 131 mg (54%) of the 
pure desired compound as a white solid, m.p. 171-173°C. Mass 
spectrum: (M + H) + = 903. 
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Ana 1. Calcd for C 52 H 7 oN 8 C> 6 * 1. OOH 2 O: C, 67.80; H, 7.88; 
N, 12.16. Found: C, 68.08; H, 7.77; N, 11.91. 

Example 13 

A--( 4S.5S.1 1 R/2' S)-5-(l-Acetoxy-2-(N-Cbz-amino)-3- 

Bhgnvlpropvl)-4-benzyl-ox azolidin-2-one. 

A suspension of 5.02 g (8.80 mmol) of (2S,3R,4R,5S)-2,5- 
bis-(N-Cbz-amino)-3,4-dihydroxy-l, 6 -diphenylhexane in 400 ml 
of acetonitrile was treated dropwise with 3 ml (20 mmol) of 
a-acetoxyisobutyryl bromide. The resulting solution was 
stirred under N 2 atmosphere at ambient temperature for 2 h, 
filtered to remove traces of solid starting material, 
quenched cautiously with 100 ml of aqueous NaHCC> 3 , and 
concentrated in vacuo to a volume of 100 ml. The resulting 
mixture was extracted with two 100 ml portions of 
dichloromethane, dried over Na 2 SC> 4 , and concentrated in vacuo. 
The residue was purified by silica gel chromatography using 
first 10% then 25% ethyl acetate in dichloromethane to 
provide 3.15 g (71%) of the desired compound as a white foam. 
*H NMR (CDCI 3 ) 8 2.09 (s, 3 H) , 2.53 (br t, J = 12 Hz, 1 H) , 

2.72 (dd, J = 13, 3 Hz, 1 H), 2.83 (dd, J = 14, 8 Hz, 1 H), 

2.95 (dd, J = 14, 7 Hz, 1 H), 3.95 (m, 1 H), 4.45 (m, 1 H), 

4.8 (m, 2 H), 5.0-5.1 (m, 3 H), 5.29 (dd, J = 9, 3 Hz, 1 H), 

7.0-7.4 (m, 10 H). Mass spectrum: (M + NH 4 ) + = 520. 

fL-L2S./ 3R, 4R. 5S) -2,5-Bis- (N-Cbz-amino) - 1 .6-diphenyl-2- 

hvdroxv-3-mesyloxy hexane. 

A slurry of 1.098 g (1.93 mmol) of (2S,3R,4R,5S)-2,5- 
bis-(N-Cbz-amino)-3,4-dihydroxy-l, 6 -diphenylhexane in 50 ml 
of anhydrous dichloromethane was treated sequentially with 
0.313 ml of methanesulfonylchloride, 0.546 ml of 
triethylamine and 23 mg of 4-dimethylaminopyridine. After 
being stirred for 24 h at ambient temperature, the solution 
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was washed sequentially with aqueous NH 4 CI and aqueous NaHCC> 3 , 
dried over MgS 04 , and concentrated in vacuo. The residue was 
purified by silica gel chromatography using 5 % ethyl acetate 
in dichloromethane to provide 560 mg (45%) of the desired 
compound, m.p. 68-71°C. X H NMR (CDC1 3 ) 5 2.7-3.0 (m, 4 H), 
3.17 (s, 3 H), 3.69 (m, 1 H), 3.92 (m, 1 H), 4.19 (br s, 1 
H) , 4.45 (m, 1 H), 4.68 (m, 1 H), 4.87-5.09 (m, 6 H), 7.1-7 .4 
(m, 20 H). 


-(4 S.5S,1'R.2'S)-4-Benzyl-5- (2- (N-Cbz-amino)-l-hydroxy-3- 

phenvlpropyl)-oxazoli din- 2 -one. 

A solution of 320 mg (0.49 mmol) of the resultant 
compound of Example 13B in 15 ml of acetonitrile was heated 
at reflux under N 2 atmosphere for 18 h. After being allowed 
to cool, the solvent was removed in vacuo and the residue was 
recrystallized from ethyl acetate/ hexane to provide 89 mg 
(39%) of the desired compound. 

D-.- LZS, 3R. 4S, 5S) -2.5-Diamino-3.4-dihydroxy-l. 6 - 

diphen ylhexane. 

Using the procedure of Example IE but replacing the 
resultant compound of Example ID with either the resultant 
compound of Example 13A or the resultant compound of Example 
13C provided the desired compound mixed with benzyl alcohol. 
Purification of a small portion by silica gel chromatography 
using 5% methanol/2% isopropylamine in chloroform provided 
the pure desired compound., m.p. 115-119°C. 1 H NMR (CDC1 3 ) 8 
2.46 (dd, J = 14, 9 Hz, 1 H), 2.61 (dd, J = 14, 11 Hz, 1 H), 
3.02 (td, J = 9, 3 Hz, 1 H), 3.19 (dd, J = 14, 4 Hz, 1 H), 
3.35-3.4 (m, 2 H), 3.51 (t, J = 9 Hz, 1 H) , 3.76 (dd, J = 9, 

3 Hz, 1 H), 7.2-7.4 (m, 10 H). 
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£-■- ( 2 S,3R,4S.5S)-2,5-Bis-(N-(N-( (4-benzvlpiperazin-l- 

gHcarbonvl)-valinvl)-;iTiHn o)-3.4-dihvdroxv-l . 6- 

diphenylhpyanp 

Using the procedure of Example 3G but replacing the 
resultant compound of Example IE with the resultant compound 
of Example 13D and replacing the resultant compound of 
Example 3F with the resultant compound of Example IOC 
provided the desired compound. 

Example 14 

-Thiazole-2-car boxaldehyde . 

A solution of 5 g (60 mmol) of thiazole in 20 ml of 
anhydrous ether was cooled under N 2 atmosphere to -78°C and 
treated over a period of 20 min with a solution of 26 ml of 
n-butyllithium (2.5 M in hexane) diluted with 10 ml of ether. 
After addition, the solution was stirred for 30 min and 
treated with a solution of 6.0 ml (60 mmol) of N- 
formylmorpholine in 10 ml of anhydrous ether over a period of 
10 min. The resulting solution was allowed to warm to 
ambient temperature over a period of 4 h, after which it was 
quenched at 0°C with 4 N aqueous HC1. The mixture was 
diluted with 4 N HC1, after which the aqueous layer was 
washed with ether, neutralized to pH 8 with aqueous NaOH and 
aqueous NaHCC> 3 , extracted with four 50 ml portions of ether, 
dried over MgSC> 4 , and concentrated in vacuo. The crude 
product thus obtained (5.02 g, 76%) as a brown solid was of 
sufficient purity for the next step. 

iL.-Lrans-Methvl 3- (thiaz ol-2-yl) -2-propenoate . 

Using the procedure of Example 5A but replacing 
triethylphosphonoacetate with trimethylphosphonoacetate and 
replacing pyridine-2-carboxaldehyde with the resultant 
compound of Example 14A provided, after silica gel 
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chromatography using 4:1 hexane:ethyl acetate, a 40% yield of 
the desired compound as a yellow crystalline solid, m.p.75- 
75.5°C. 1 H NMR (CDC1 3 ) 8 3.83 (s, 3 H) , 6.73 (d, J = 15 Hz, 1 
H), 7.45 (d, J = 3 Hz, 1 H), 7.80 (d, J = 15 Hz, 1 H), 7.93 
(d, J = 3 Hz, 1 H) . 

- trans-3- (Thiazol-2-yl) -2-propenoic Acid. 

A solution of 1.46 g (8.6 mmol) of the resultant 
compound of Example 14B in 10 ml of 1,4-dioxane and 5 ml of 
water was treated with 0.73 g (17 mmol) of lithium hydroxide 
monohydrate and stirred at ambient temperature for 16 h. The 
resulting solution was concentrated in vacuo to a volume of 5 
ml and acidified to pH 2 with 4 N HC1. The precipitate thus 
obtained was filtered and dried in vacuo to provide 1.2 g 
(90%) of the desired compound as an off-white solid, m.p. 

185.5-187°C. 1 H NMR (d6-DMSO) 5 6.67 (d, J = 15 Hz, 1 H), 

7.70 (d, J = 15 Hz, 1 H), 7.95 (d, J = 3 Hz, 1 H), 8.01 (d, J 
= 3 Hz, 1 H), 12.81 (br s, 1 H). Mass spectrum: (M + H) + = 

156. 

H, _ L2S. 3R,4R.5S)-2,5-Bis-(N-(N-(trans-3-(thiazol-2-yl)-2- 

propenoyl)-valinyl)- amino)-3.4-dihydroxy-1.6-diphenylhexane. 

Using the procedure of Example 61 but replacing trans-3- 
(3-pyridyl).acrylic acid with the resultant compound of 
Example 14C and replacing the resultant compound of Example 
6 H with the resultant compound of Example 4C provided the 
desired compound, m.p. > 260°C. Mass spectrum: (M + H) + = 

773 . 
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Example 15 

A-— L2.S. 3S. 4R. 5S) -3-Acetoxv-2.5-bis- (N-Chz- a mino) -3-bromo-l. 6- 

diohenylhexane. 

Using the procedure of Example 1C but replacing 
(2S,3R,4R,5S)-2,5-bis-(N-Cbz-amino)-3, 4-dihydroxy-1,6- 
diphenylhexane with (2S,3S,4S,5S)-2,5-bis-(N-Cbz-amino)-3,4- 
dihydroxy-1,6-diphenylhexane provided the desired compound in 
11 % yield along with (4S,5R,1'S, 2'S)-5-(l-acetoxy-2-(N-Cbz- 
amino)-3-phenylpropyl)-4-benzyl-oxazolidin-2-one in 35% 
yield. (2S,3S,4R,5S)-3-Acetoxy-2,5-bis-(N-Cbz-amino)-3- 
bromo-l f 6-diphenylhexane: NMR (CDC1 3 ) 5 2.05 (s, 3 H) , 

2.57 (dd, J = 13, 8 Hz, 1 H), 2.74 (m, 2 H), 2.92 (dd, J - 
14, 7 Hz, 1 H), 3.82 (d, J = 9 Hz, 1 H), 4.32 (br q, 1 H), 

4.64 (m, 1 H), 4.9-5.1 (m, 6 H) , 5.33 (br d, 1 H), 7.0-7.4 
(m, 20 H). Mass spectrum: (M + H) + = 673, 675. 

B-*-L2S. 3R , 5S) -3-Acetoxy-2.5-bis- (N-Cbz-amino) -1. 6- 

diohenylhexane. 

Using the procedure of Example ID but replacing the 
resultant compound of Example 1C with the resultant compound 
of Example 15A provided the desired compound. Mass spectrum: 
(M + NH 4 )+ = 612. 

£_- ( 2 S,3R,5S)~2,5-Diamino-l,6-dipheny l -3-hydroxyhexane. 

Using the procedure of Example IE but replacing the 
resultant compound of Example ID with the resultant compound 
of Example 15B provided, after silica gel chromatography 
using first 2% isopropylamine in chloroform followed by 2% 
methanol and 2% isopropylamine in chloroform, the desired 
compound contaminated with Sn salts. 1 H NMR (CDC1 3 ) 8 1.85 
(m, 1 H), 2.43 (dd, J = 13, 10 Hz, 1 H) , 2.66 (dd, J = 14, 9 
Hz, 1 H), 2.86 (dd, J = 14, 4 Hz, 1 H), 3.0-3.1 (m, 2 H), 
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3.49 (m, 1 H), 3.89 (m, 1 H), 7.2-7.4 (m, 10 H). Mass 
spectrum: (M + H) + = 285. 

IL- (2Sr 3R,5S)-2,5-Bis-(N-(N-(( N -methyl-N- ( (2-pvridinyl )- 

methvl) -amino)-carbonvl)-valinvl )-amino)-1.6-diphenyl-3- 

kydroxyhexane. 

Using the procedure of Example 3G but replacing the 
resultant compound of Example IE with the resultant compound 
of Example 15C provided, after silica gel chromatography 
using 1.5% methanol in chloroform followed by 2% methanol in 
chloroform, the desired compound, m.p. 92-96°C, in 65% yield. 
Mass spectrum: (M + H) + = 779. 

Example 16 

A.-a-Isocvanato-isoleuci ne Methyl Ester. 

Using the procedure of Example 2A but replacing L- 
valine methyl ester hydrochloride with L-isoleucine methyl 
ester hydrochloride provided the desired compound as an 
oil. 

E_.- N- ( (N-Methvl-N- ( (2-pvridinyl) m ethyl) amino) carbonyl) - 

i-SQleucine Meth yl Ester. 

Using the procedure of Example 3D but replacing the 
resultant compound of Example 2A with the resultant compound 
of Example 16A provided the desired compound. 1 H NMR (CDCI3) 
8 0.92 (t, J = 7 Hz, 3 H), 0.94 (d, J = 7 Hz, 3'H), 1.21 (m, 

1 H), 1.46 (m, 1 H), 1.90 (m, 1 H), 3.02 (s, 3 H), 3.71 (s, 3 
H), 4.46 (dd, J = 8, 5 Hz, 1 H), 4.53 (s, 2 H), 6.15 (br, 1 

H), 7.22 (dd, J = 7, 5 Hz, 1 H), 7.27 (d, J = 7 Hz, 1 H), 

7.69 (td, J = 7, 2 Hz, 1 H), 8.55 (br d, 1 H). 


C-i-M~ ( (N-Methvl-N- (_ (2-Pvridinvl) methvl) ami no) carbonyl) - 

isoleucine p-Nitrophenyl Ester. 

Using the procedures of Example 3E and Example 3F with 
the resultant compound of Example 16B provided the crude 
desired compound. 

^- C2S.3S.5S)-2.5-Bis- (N-(N- ( (N-methvl-N- ( (2-Pvridinyl ) - 

methyl)ami no) carbonvl)isoleucinyl) amino) -1,6-diphenyl-3- 

hvdroxvhexane. 

Using the procedure of Example 3G but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 16C provided, after silica gel chromatography 
using 2% methanol in chloroform, the desired compound in 68% 
yield. The pure compound melted at 143-145°C, resolidified, 
and melted again at 173-174°C. Mass spectrum: (M + H) + = 
807 . 


Example 17 

(2S> 3 S,5S) - 2 . 5-Bis-(N-Cbz-amino)-1.6-diphenyl-3- 

hydrox yhexane. 

A solution of 200 mg (0.34 mmol) of the resultant 
compound of Example ID in 4 ml of methanol was treated with 2 
ml of concentrated agueous ammonium hydroxide. The resulting 
solution was stirred at ambient temperature for 6 h, and at 
50°C for 45 min. An additional 1 ml of concentrated aqueous 
ammonium hydroxide was added and heating was continued for 1 
h. The resulting solution was diluted with 50 ml of 
dichloromethane, washed sequentially with water and saturated 
brine, dried over MgSC> 4 , and concentrated in vacuo. Silica 
gel chromatography of the residue using 25% ethyl acetate in 
hexane followed by 33% ethyl acetate in hexane provided 161 
mg (84%) of the desired compound. 1 H NMR (CDC1 3 ) 8 1.63 (m, 2 
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H), 2.73 (m, 2 H), 2.85 (m, 2 H) , 3.05 (br, 1 H), 3.64 (m, 1 
H), 3.77 (br q, 1 H), 3.93 (br q, 1 H), 4.78 (br d, 1 H) , 

5.05 (m, 4 H), 7.0-7.4 (m, 20 H) . Mass spectrum: (M + H) + = 

553 . 

Anal. Calcd for C34H 36 N 2 0 5 : C, 73.89; H, 6.57; N, 5.07. 
Found: C, 73.81; H f 6.61; N, 5.04. 

Example 18 

—..tJ.ans- (2S, 5S) -2.5-Bis- (N- (benzvloxy carbonyl) amino) -1.6- 

diphenvl-3-hexene. 

A solution of 4.64 g of the resultant compound of 
Example 15A in 48 ml of acetic acid was treated with 1.33 g 
of zinc dust and stirred at ambient temperature for 3 days. 
The resulting solution was concentrated in vacuo, taken up in 
ethyl acetate, washed with saturated aqueous NaHC0 3 , dried 
over MgSC> 4 , and concentrated in vacuo to provide 3.27 g (89%) 
of the desired compound. 

H.-trans-(2S.5S)-2.5-Diamino-l .6-diphenyl-3-hexene. 

A solution of 3.27 g of the resultant compound of 
Example 18A in 75 ml of 30% HBr in acetic acid was allowed to 
stand at ambient temperature for 16 h. The resulting 
solution was concentrated in vacuo, and the residue was 
washed with hexane to remove benzyl bromide. The solid was 
then taken up in 1 N NaOH, extracted with three 100 ml 
portions of dichloromethane, dried over Na 2 S 04 , and 
concentrated. Silica gel chromatography using first 2% 
isopropylamine in chloroform, then 2% methanol/2% 
isopropylamine in chloroform provided 1.35 g (83%) of the 
desired compound. 
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— trans-(2S.5S)-2.5-Bis-(N-(N-((N-methvl-N -((?- 
pvridinvli methvl)amino)carbonyl)valinyl)amino)-1.6-diphenyl- 

3-hexene. 

Using the procedure of Example 3G but replacing the 
resultant compound of Example IE with the resultant compound 
of Example 18B provided, after silica gel chromatography 
using first 1.5% methanol in chloroform then 3% methanol in 
chloroform, 86 mg (75%) of the desired compound as a white 
solid. Mass spectrum: (M + H) + = 761. 

Example 19 

ZL-trans-Ethvl 3-((Thi azol-2-yl)-amino)-2-propenoate. 

A solution of 2.3 g of 2-aminothiazole and 1.55 ml of 
ethyl propiolate in 10 ml of dichloromethane and 5 ml of 
dimethylformamide was stirred at ambient temperature for 3 
days. The resulting mixture was filtered, and the filtrate 
was concentrated in vacuo. The residue was chromatographed 
on silica gel using first 20% then 40% ethyl acetate in 
hexane to provide 1.54 g (51%) of the desired compound. 1 H 
NMR (CDC1 3 ) 5 1.30 (t, J = 7 Hz, 3 H), 4.22 (q, J = 7 Hz, 2 
H), 5.79 (d, J = 15 Hz, 1 H), 6.03 (d, J = 5 Hz, 1 H), 6.68 
(d, J = 5 Hz, 1 H), 7.47 (br, 1 H), 8.17 (d, J = 15 Hz, 1 H). 
Mass spectrum: (M + H) + = 199. 

E-- trans-3-((Thiazol-2-yl)-amino)-2-propenoic Acid. 

Using the procedure of Example 3E but replacing the 
resultant compound of Example 3D with the resultant compound 
of Example 19A provided the desired compound in 7 0% yield. -^H 
NMR (d6-DMSO) 8 6.08 (d, J = 15 Hz, 1 H), 6.50 (d, J = 5 Hz, 1 
H), 7.37 (d, J = 5 Hz, 1 H), 8.01 (d, J = 15 Hz, 1 H), 9.4 
(br, 1 H). Mass spectrum: (M + H) + = 


171 . 


C. (2S.3R,4R.5S)-2.5-Bis-(N-(N-(trans-3-((thiazol-2-yl)- 
amino)-2-propenoyl)-vali nyl)amino)-3.4-dihydroxy-1.6- 

diphenylhexane. 

Using the procedure of Example 61 but replacing the 
resultant compound of Example 6H with the resultant compound 
of Example 4C and replacing trans-3-(3-pyridyl)acrylic acid 
with the resultant compound of Example 19B provided the 
desired compound. 


Example 20 

12S.3S.5S) -3-Acetoxy-2.5-b is-(N-(N-((2- 
pvridinvl)methoxycarbonyl)-va linyl)-amino)-1.6- 

diphenylhexane. 

A suspension of 59 mg (0.078 mmol) of the resultant 
compound of Example 2E in 1 ml of dichloromethane was treated 
sequentially with 0.017 ml (0.16 mmol) of 4-methylmorpholine, 
0.007 ml (0.12 mmol) of acetic anhydride, and 5 mg of 4- 
dimethylaminopyridine. The resulting mixture was stirred at 
ambient temperature for 1 h, treated with 10 ml of aqueous 
NaHC 03 , stirred for 30 min, extracted with two 20 ml portions 
of dichloromethane, dried over Na 2 SC> 4 , and concentrated in 
vacuo. Silica gel chromatography of the residue using 3% 
methanol in chloroform provided 51.6 mg (83%) of the desired 
compound. 


Example 21 

(2S.3S.5S)-2.5-Bis-(N-B oc-amino)-1.6-diphenyl-3- 

hydroxyhexane. 

A solution of 1.0 g (4.1 mmol) of the resultant compound 
of Example IE and 1.98 g (9.1 mmol) of di-t-butyldicarbonate 
in 40 ml of dichloromethane was stirred at ambient 
temperature for 1 h. The solvent was removed in vacuo, and 
the residue was chromatographed on silica gel using 25% ethyl 
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acetate in hexane followed by 33% ethyl acetate in hexane to 
provide 1.32 g (72%) of the desired compound. 1 H NMR (CDC1 3 ) 
5 1.39 (s, 18 H) 1.62 (t, J = 6 Hz, 2 H) , 2.74 (m, 2 H) , 

2.85 (m, 2 H), 3.65 (m, 2 H) , 3.86 (br q, 1 H), 4.54 (br, 1 
H), 4.80 (br d, 1 H), 7.05-7.3 (m, 10 H). Mass spectrum: (M 
+ H) + = 485. 

Anal. Calcd for C 28 H 40 N 2 O 5 : C, 69.39; H,' 8.32; N, 5.78. 
Found: C, 69.21; H, 8.38; N, 5.73. 

Example 22 

I2 S,3S,5S)-2.5-Bis-(N-it-butvlacetyl) -amino)- 1 . 6 -diphenyl- 3 - 

hvdroxyhexane. 

A solution of 150 mg (0.53 mmol) of the resultant 
compound of Example IE and 0.18 ml (1.3 mmol) of 
triethylamine in 6 ml of dichloromethane was cooled under N 2 
atmosphere to -40°C and treated with 0.15 ml (1.1 mmol) of t- 
butylacetyl chloride. The resulting solution was stirred at 
-40°C for 30 min, diluted with 50 ml of dichloromethane, 
washed sequentially with water and saturated brine, dried 
over MgS 04 , and concentrated in vacuo. Silica gel 
chromatography of residue using first 25% then 33 % ethyl 
acetate in hexane provided 216 mg (85%) of the desired 
compound. 1 H NMR (CDC1 3 ) 8 0.89 (s, 9 H) , 0.95 (s, 9 H), 1.67 
(m, 2 H), 1.93 (s, 2 H), 1.97 (s, 2 H), 2.76 (AA', 2 H), 2.88 
(d, J = 7 Hz, 2 H), 3.61 (br t, 1 H), 3.97 (br q, 1 H), 4.08 
(m, 1 H) , 4.62 (br, 1 H) , 5.55 .(br d, J = 7 Hz, 1 H), 5.77 
(br d, J = 9 Hz, 1 H), 7.05-7.3 (m, 10 H). Mass spectrum: 

(M + H) + = 481. 

Anal. Calcd for C 30 H 44 N 2 O 3 : C, 74.96; H, 9.23; N, 5.83. 
Found: C, 74.41; H, 9.21; N, 5.73. 
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Example 23 

■12 S, 3S, 5S) ~2,5-B i s- (N- ( (4-Pvr i d i nv l) m et h oxvcarbonvl) -ami nnl - 

6-diphenvl-3-hydro xYhexane. 

A solution of 0.12 mmol of triphosgene in 2 ml of 
anhydrous tetrahydrofuran was coOled under N 2 atmosphere to - 
78°C. A solution of 0.36 mmol of pyridine-4-methanol and 
0.36 mmol of 4-methylmorpholine in 1 ml of tetrahydrofuran 
was added dropwise. The resulting solution was stirred at - 
78°C for 30 min, treated with a solution of 0.18 mmol of the 
resultant compound of Example IE and 0.36 mmol of 4- 
methylmorpholine in 1 ml of tetrahydrofuran, and stirred at - 
10°C for 2 h. The solvent was then removed in vacuo, and the 
residue was chromatographed on silica gel to provide the 
desired compound. 


Example 24 

A-- It (N-(t-Butvloxvcarbonvl)aminom e thvl)pyridine. 

Using the procedure of Example 3A but replacing 2- 
(aminomethyl)pyridine with 3-(aminomethyl)pyridine provided 
the desired compound in 97% yield. 1 H NMR (CDC1 3 ) 8 1.47 (s, 
9 H), 4.33 (br d, J = 6 Hz, 2 H), 4.95 (br, 1 H), 7.27 (br t, 
J = 6 Hz, 1 H) , 7.63 (br d, J = 8 Hz, 1 H) , 8.52 (m, 2 H) . 

B--2_ - ( (N~ (t-EutY l oxv carbonv l ) -N-m ethvlamino)methyl)pyridine . 

Using the procedure of Example 3B but replacing the 
resultant compound of Example 3A with the resultant compound 
of Example 24A provided the desired compound. 

£L- 3 -(N-Methvlamino)methvl)pyridine Dihyd r ochloride. 

Using the procedure of Example 3C but replacing the 
resultant compound of Example 3B with the resultant compound 
of Example 24B provided the desired compound. 


IL-N-((N-Methvl-N-((3-Pvridinyl) methyl)amino)carbonyl)- 

valine Methyl Ester. 

Using the procedure of Example 3D but replacing the 
resultant compound of Example 3C with the resultant compound 
of Example 24C provided the desired compound. 1 H NMR (CDCI 3 ) 
5 0.90 (d, J = 7 Hz, 3 H), 0.96 (d, J = 7 Hz, 3 H), 2.16 (pd, 
J = 7, 5 Hz, 1 H), 2.93 (s, 3 H), 3.74 (s, 3 H), 4.49 (dd, J 
= 9, 5 Hz, 1 H), 4.54 (s, 2 H), 4.95 (br d, J = 9 Hz, 1 H), 
7.28 (td, J = 6 , 1 Hz, 1 H), 7.61 (ddd, J = 7, 3, 2 Hz, 1 H), 
8.53 (m, 2 H). Mass spectrum: (M + H) + = 280. 

EL - N-((N-Methvl-N-((3-Pvridinvl)-m e thvl)-amino)-carbonvl)- 

valine. 

Using the procedure of Example 3E but replacing the 
resultant compound of Example 3D with the resultant compound 
of Example 24D provided the desired compound. 

EL- Nr ( (N-Methvl-N- (-(3-Pvridinvl) -m e thvl) -amino) -carbonyl) - 

valine p-Nitrophenyl Ester. 

Using the procedure of Example 3F but replacing the 
resultant compound of Example 3E with the resultant compound 
of Example 24E provided the desired compound. 

£L- L2S..3S, 5S) -2.5-Bis- (N- (N- ( (N-meth yl-N- ( (3-pyridinyl) - 

m ethvl)amino)carbonvl)valinyl)amino)- 1 . 6 -diphenyl- 3 - 

hvdroxyhexane. 

Using the procedure of Example 3G but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 24F provided, after silica gel chromatography 
using first 2% methanol in chloroform, then 7% methanol in 
chloroform, and finally 10 % methanol in chloroform, the 
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desired compound (Rf 0.19, 10% methanol in chloroform) in 49% 
yield. 


Example 25 

A-- M z-j J .2 -Pvridinvl) methoxycarbonyl) -isole u cine Methyl 

Ester. 

Using the procedure of Example 2B but replacing the 
resultant compound of Example 2A with the resultant compound 
of Example 16A provided the desired compound. 

fi-i-£L r.( (2-Pvridinvl) methoxvcarbonyl) -isoleucine. 

Using the procedure of Example 3E but replacing the 
resultant compound of Example 3D with the resultant compound 
of Example 25A provided the desired compound. 

- N-{(2-Pvridinvl) methoxvcarbonvl)-is oleucine p-Nitroohenyl 

Ester. 

Using the procedure of Example 3F but replacing the 
resultant compound of Example 3E with the resultant compound 
of Example 25B provided the desired compound. 

D-.-(2 S« 3S« 5S) -2,5-Bis- (N- (N- ( (2-pyridinyl) methoxycarbonyl ) - 

isoleucinvl) -amino)-1.6 -diphenyl-3-hydroxvhexane. 

Using the procedure of Example IE but replacing the 
resultant compound of Example ID with the resultant compound 
of Example 25C provided, after trituration of the residue 
with 4:1 ethyl acetate:hexane and filtration, the desired 
compound. Mass spectrum: (M + H) + = 791. 

Anal. Calcd for C44H 56 N 6 0 7 •2H 2 0: C, 64.69; H, 7.40; N, 
10.29. Found: C, 64.78; H, 6.90; N, 10.32. 
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Example 2 6 

J2S. 3S,5S)-3-Acetoxv-2.5-bis-(N-( N- ( (N-methvl-N-( (2- 
pvridinvl)-methvl)-amino)-carb onvl)-valinvl)-amino)- 1 . 6 - 

diphenylhexane. 

Using the procedure of Example 20 but replacing the 
resultant compound of Example 2E with the resultant compound 
of Example 3G provided, after silica gel chromatography using 
3% methanol in chloroform, the desired compound in 89% yield. 
Mass spectrum: (M + H) + = 821. 

Example 27 

(2S,3S .5S) -2. 5-Bis-(N-Boc-amino)- 1 .6-dicyclohexyl-3- 

hydroxyhexane. 

A mixture of 100 mg of the resultant compound of Example 
21 and 100 mg of 5% rhodium on carbon in 3 ml of methanol was 
shaken under 4 atmospheres of H 2 for 1 day. The resulting 
mixture was filtered and concentrated in vacuo. Silica gel 
chromatography of the residue using 20 % ethyl acetate in 
hexane provided 92 mg (90%) of the desired compound. 1 H NMR 
(CDCI 3 ) 5 0.75-1.90 (br envelope, 28 H), 1.44 (s, 18 H), 3.30 
(br, 1 H), 3.63 (m, 2 H), 3.72 (m, 1 H), 4.41 (br, 1 H), 4.66 
(br d, 1 H). Mass spectrum: (M + H) + = 497. 

Anal. Calcd for C 2 8 H 5 oN 2 0 5 -0.75H 2 0: C, 66.17; H, 10.21; 
N, 5.51. Found: C, 65.98; H, 10.42; N, 5.47. 

Example 28 

K. —Boc-(L)-(4-thi azolyl)-alaninal. 

A solution of 5 g of Boc-(L)-(4-thiazolyl)alanine in 25 
ml of anhydrous dimethylformamide was treated with 4.1 ml of 
ethanethiol and 60 mg of 4-dimethylaminopyridine. The 
resulting solution was cooled to 0°C, treated with 4.5 g of 
dicyclohexylcarbodiimide, and stirred at 0°C for 20 min and 
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at ambient temperature for 5 h. The mixture was filtered, 
concentrated, taken up in 5 ml of ethyl acetate, filtered, 
and concentrated'in vacuo. Silica gel chromatography using 
15% ethyl acetate in hexane provided 4.4 g (72%) of Boc-(L)- 
(4-thiazolyl)alanine ethanethiol ester. A portion of the 
above thioester (0.18 g) was combined with 0.25 g of 10% 
palladium on carbon in 3 ml of acetone. The mixture was 
treated with 0.3 ml of triethylsilane, stirred for 4 h, 
filtered through Celite, and concentrated in vacuo. Silica 
gel chromatography using first chloroform then 3% methanol in 
chloroform provided 0.1 g (68%) of the desired compound. 

E- -(2 S, 3R,4R.5S) -2, 5-Bis-(N-Boc-amino)-3.4 - dihvdroxv-l.6-rfi- 

(4-thiazolvl)-hexane. 

Using the procedure of Example IB, but replacing Cbz-L- 
phenylalaninal with the resultant compound of Example 28A and 
adding a neutralization step after addition of 1 N aqueous 
HC1, provided, after extraction with chloroform, a crude 
mixture which was purified by silica gel chromatography to 
give the desired compound. 

-L2 & «- 3S, 5S) -2,5-Bis- (N- (N- ( (2-Pvridinyl l methoxycarbonyl)- 

va li nv l )-am i no)-1, 6-di-(4-thiazo l yl)-3-hydroxyhexane. 

Using sequentially the procedures of Examples 1C, ID, IE 
and 2E but replacing (2S,3R,4R, 5S)-2,5-bis-(N-Cbz-amino)-3,4- 
dihydroxy-1,6-diphenylhexane with the resultant compound of 
Example 28B provided the desired compound. 

Example 29 

A.- L2S , 3R,4R.5S) -2. 5-Bis-(N-Cbz-amino)-1,6-di-(4- 

ke nzvloxvphenvl) -3.4-dihvdroxy-hexane. 

Using sequentially the procedures of Examples 1A and IB 
but replacing Cbz-(L)-phenylalaninol with Cbz-(L)-0- 
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benzyltyrosinol provided a crude mixture which was purified 
by silica gel chromatography to give the desired compound. 

B-.- L2S,3S. 5S)-2.5-Diamino-l.6-(4-hyd roxyphenyl)-3- 

hydroxyhexane. 

Using sequentially the procedures of Examples 1C, ID and 
17 but replacing (2S,3R,4R,5S)-2,5-bis-(N-Cbz-amino)-3,4- 
dihydroxy-1,6-diphenylhexane with the resultant compound of 
Example 29A provided a compound which was treated with 
methanol and 10% palladium on carbon, shaken under 4 
atmospheres of H 2 for 4 h, filtered, and concentrated in 
vacuo to provide the desired compound. 

-12 & .. 3S, 5S) - 2 ,5 -B i s- (N~ (N- ( (2 -pyridinyl) methoxvcarbonyll - 

valinvl) -amino)-1,6-di-(4-hydroxy phenyl)-3-hydroxvhexane. 

Using the procedure of Example 2E but replacing the 
resultant compound of Example IE with the resultant compound 
of Example 29B provided the desired compound. 

Example 30 

A--E Lt ( ( 2 -Pv.ridinvl)..methoxvthionoca r bonyl) -valine Methyl 

Ester. 

A suspension of 1.0 g (5.96 mmol) of (L)-valine methyl 
ester in 10 ml of chloroform was cooled to -20°C and treated 
with a solution of 0.48 ml of thiophosgene in 5 ml of 
chloroform. The resulting solution was treated dropwise with 
2.49 ml (17.9 mmol) of triethylamine, stirred at -20°C for 15 
min, then quenched with 10 ml of 0.1 M HC1. The chloroform 
layer was separated, washed with four 5 ml portions of water, 
dried over MgSC> 4 , and concentrated in vacuo to provide 1.01 g 
of the a-isothiocyanato- (L)-valine methyl ester as an oil. 

The crude oil (1.01 g) was taken up in 10 ml of 
dichloromethane and added to a mixture of 0.81 g (4.15 mmol) 


of the resultant compound of Example 3C and 1.14 ml (10.4 
mmol) of 4-methylmorpholine in 40 ml of dichloromethane. The 
resulting mixture was stirred at ambient temperature for 16 
h, washed with three 15 ml portions of water, dried over 
MgS0 4 , and concentrated in vacuo. Silica gel chromatography 
of the residue using 15% ethyl acetate in dichloromethane 
provided 1.23 g (100%) of the desired compound as an oil. 

NMR (CDC1 3 ) 5 1.02 (d, J = 7 Hz, 3 H) , 1.06 (d, J = 7 Hz, 3 

H), 2.33 (m, 1 H), 3.40 (s, 3 H), 3.74 (s, 3 H), 4.83 (AA', 2 

H), 5.10 (dd, J = 8, 5 Hz, 1 H), 7.27 (dd, J = 8, 5 Hz, 1 H), 

7.33 (d, J = 8 Hz, 1 H), 7.73 (br t, J = 8 Hz, 1 H), 8.56 

(dd, J = 5, 1 Hz, 1 H). Mass spectrum: (M + H) + = 296. 

B-- Mr(( 2 -Pvridinvl)methoxvthionocarbonvl)-valine. 

Using the procedure of Example 3E but replacing the 
resultant compound of Example 3D with the resultant compound 
of Example 30A provided the desired compound as a foam. 2 H 
NMR (CDCI 3 ) 8 1.04 (d, J = 7 Hz, 3 H) , 1.08 (d, J = 7 Hz, 3 

H), 2.41 (m, 1 H), 3.41 (s, 3 H), 4.80 (d, J = 15 Hz, 1 H), 

4.94 (br d, J = 15 Hz, 1 H), 5.11 (dd, J = 8 , 5 Hz, 1 H), 

7.29 (ddd, J = 8 , 5, 1 Hz, 1 H) , 7.34 (d, J = 8 Hz, 1 H) , 

7.76 (td, J = 8 , 2 Hz, 1 H), 8.19 (br, 1 H), 8.55 (ddd, J = 

5, 2, 1 Hz, 1 H). Mass spectrum: (M + H) + = 282. 

- 1.2S. 3S, 5S) -2.5-Bis- (N- (N- ( (2- 

Byjridinvl) methoxvthionoca rbonyl) -valinyl) -amino) - 1 . 6 - 
diphenyl-3-hydroxyhexane. 

Using sequentially the procedures of Examples 3F and 3G 
but replacing the resultant compound of Example 3E with the 
resultant compound of Example 30B provided the desired 
compound. 
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Example 31 

A.- ( 2 S« 3S,5 S) -2. 5-B i s-( N-(Cbz-threoninyl)amino)-1.6- 

diphenvl-3-hydrox yhexane. 

Using the procedure of Example 61 but replacing the 
resultant compound of Example 6H with the resultant compound 
of Example IE and replacing trans—3-(3-pyridyl)acrylic acid 
with Cbz-(L)-threonine provided, after silica gel 
chromatography, the desired compound. 

Example 32 

(2S> 3S,5S)-2,5-Bis-(N-(Cbz-vali nyl)-amino)-1.6-dipheny1-3- 

hvdroxyhexane. 

Using the procedure of Example 6G but replacing the 
resultant compound of Example 6F with the resultant compound 
of Example IE provided the desired compound. 

Example 33 

(2S,3S,5S)-2,5-Bis-(N-(valinyl )-amino)-1.6-dipheny1-3- 

hvdroxvhexane. 

Using the procedure of Example 6H but replacing the 
resultant compound of Example 6G with the resultant compound 
of Example 32 provided the desired compound. 

Example 34 

A.- 3-(Thiazol-2-yl)-propanoic Acid. 

According to procedure of Johes, et. al. (J. Am. Chem. 
Soc. 1950 , 72, 4526), a solution of 0.5 g of the resultant 
compound of Example 14C and 0.15 g of sodium hydroxide in 4 
ml of water was treated with 0.10 g of Raney nickel and 
shaken under 3 atmospheres of hydrogen for 16 h. The mixture 
was filtered, and the filtrate was neutralized with 4 N HG1, 
concentrated in vacuo, and acidified to pH 2 with 4 N HC1. 
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The resulting precipitate was filtered to give 0.17 g (34%) 
of the desired compound as a white solid. 

2--(2S.3S.5S)-2.5-Bis-(N-(N-(3 -(thiazol-2-yl)propanoyl)- 

valinvl)amino)-1.6-diphenyl-3-hydroxyhexane. 

Using the procedure of Example 61 but replacing the 
resultant compound of Example 6H with the resultant compound 
of Example 33 and replacing trans-3-(3-pyridyl)acrylic acid 
with the resultant compound of Example 34A provided the 
desired compound. 


Example 35 

(2S.3 S.5S)-2. 5-Bis-(N-(N-((2-pyridinyl)methoxycarbonyl)- 
Yalinvl) -amino)-1.6-diohenyl-3-(trifluoroac etoxy)-hexane. 

Using the procedure of Example 20 but replacing acetic 
anhydride with trifluoroacetic anhydride and quenching the 
reaction with pH 6 buffer gave a two-layer mixture. The 
organic layer was diluted with dichloromethane, separated, 
dried over Na 2 S 04 , and concentrated in vacuo to provide the 
desired compound. 

X H NMR (CDCI 3 ) 8 0.69 (d, 3H), 0.72 (d, 3H), 0.81 (d, 3H), 0. 
(d, 3H) , 1.63 (m, 1H), 1.94 (m, 1H), 2.08 (m, 2H), 2.66 (m, 
2H), 2.81 (m, 2H), 3.81 (dd, 1H), 3.87 (dd, 1H), 4.53 (br, 

1H), 5.01 (m, 2H), 5.22-5.28 (m, 6 H), 5.92 (br, 1H), 6.04 (br 
d, 1H), 7.12-7.24 (m, 12H), 7.34 (brt, 2H) , 7.72 (td, 2H), 
8.60 (br d, 2H). Mass spectrum: (M+H) + = 


849 . 


Example 3 6 

(2S, 3S, 5S) ~ 2 , 5-B i s- (N~ ( N~ ( .( N-me thyl-N- ( (2-pyridinyl) -methyl) - 
amino) -carbonvl) -valinvl) -a mino) -1.6-diphenyl-3- 
.(trif luoroacetox y) -hexane. 

Using the procedure of Example 20 but replacing acetic 
anhydride with trifluoroacetic anhydride, replacing the 
resultant compound of Example 2E with the resultant compound 
of Example 3G, and quenching the reaction with pH 6 buffer 
gave a two-layer mixture. The organic layer was diluted with 
dichloromethane, separated, dried over Na 2 S 04 , and 
concentrated in vacuo to provide the desired compound. 

Example 37 

-( (3-Pv ridinvl)methvl)-(4-nitrophenyl)carbonate. 

A solution 20 g (0.1 mol) of (4-nitrophenyl)- 
chloroformate in 150 ml of dichloromethane was cooled to 0°C 
and treated sequentially with 8.0 ml (0.083 mol) of pyridine— 
3-methanol and 11 ml (0.1 mol) of 4-methylmorpholine. After 
addition, the solution was allowed to come to ambient 
temperature, stirred for 0.5 h, diluted with dichloromethane, 
washed sequentially with aqueous NaHC 03 and water, dried over 
Na 2 SC> 4 , and concentrated in vacuo. The residue was broken up, 
triturated with 3:1 hexane:ethyl acetate, and filtered. The 
resulting solid was dissolved in a minimum amount of boiling 
ethyl acetate/hexane, filtered hot to remove an insoluble 
dark oil, and allowed to cool. The desired crystalline 
product (18.65 g, 82%) was collected by filtration. 
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B-.- (2S, 3S, 5S .) -5~ Am i no-2- (N- ( (3 - p vridinyl)methoxy- 

g arbonv l )amino)-1,6-diphenyl-3-hydr oxyhexane and (2S.3S.5S)- 
2rAmino-5-( N-((3-Pvridinvl)methoxycarbonyl)-amino)-1.6- 
diphenvl-3-hydrox yhexane. 

A solution of 1.5 g (5.28 mmol) of the resultant 
compound of Example IE in 10 ml of tetrahydrofuran was 
treated dropwise over a 5 hour period with a solution of 1.6 
g (5.8 mmol) of the resultant compound of Example 37A in 10 
ml of tetrahydrofuran. After addition, the resulting 
solution was stirred at ambient temperature for 16, h and 
concentrated in vacuo. Silica gel chromatography using a 
gradient of 2-3.5% methanol in chloroform provided a mixture 
of the two desired compounds. Silica gel chromatography of 
the mixture using first 2% isopropylamine in dichloromethane 
followed by 2% isopropylamine/2% methanol in dichloromethane 
provided 0.38 g (16%) of (2S,3S,5S)-5-amino-2- (N- ((3- 
pyridinyl)methoxycarbonyl)amino)-1,6-diphenyl-3-hydroxyhexane 
and 0.87 g (36%) of (2S,3S,5S)-2-amino-5- (N- ((3- 
pyridinyl)methoxycarbonyl)amino)-1,6-diphenyl-3- 
hydroxyhexane. 

- 12 2m 3S,.5S) -2- (N- (N- ( (N-Me t hyl-N- ( (2-pyridinyl) - 

methyl )amino)carbonyl) valinvl)amino)-5-rn-((3-pyridinyl)- 
methoxycarbonyl) amino)-1. 6-diphenyl-3-hydroxvhexang>. 

A solution of 1.2 g (2.86 mmol) of (2S,3S,5S)-2-amino-5- 
(N-((3-pyridinyl)methoxycarbonyl)amino)-1,6-diphenyl-3- 
hydroxyhexane in 20 ml of tetrahydrofuran was treated with 
1.55 g (4.01 mmol) of the resultant compound of Example 3F. 
The resulting solution was stirred at ambient temperature for 
96 h, treated with aqueous NaHCC> 3 , extracted with chloroform, 
dried over Na 2 S 04 , and concentrated in vacuo. The residued 
was purified by silica gel chromatography using first 2% then 
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4% methanol in chloroform to provide 1.75 g (92%) of the 
desired compound (Rf 0.28, 10% methanol in chloroform) as a 
white solid, m.p. 69-71°C. Mass spectrum: (M + 1) + = 667. 

Anal. Calcd for C38H4 6 N 6 O 5 -0.5H 2 0: C, 67.54; H, 7.01; N, 
12.44. Found: C, 67.54; H, 6.83; N, 12.33. 

Example 38 

12S. 3S. 5S)' -5- (N- (N- ( (N-Methyl-N - ( (2-pyridinyl) - 
m ethyl)amino)carbonvl)valinyl)amino)-2-(N- ( (3-Pvridinyl)- 
methoxycarbonyl)amino)-1. 6 -diphenyl-3-hvdroxyhexane. 

A solution of 0.95 g (2.27 mmol) of (2S, 3S, 5S)-5-amino- 
2-(N-((3-pyridinyl)methoxycarbonyl)amino)-1,6-diphenyl-3- 
hydroxyhexane in 15 ml of tetrahydrofuran was treated with 
1.22 g (3.17 mmol) of the resultant compound of Example 3F. 
The resulting solution was stirred at ambient temperature for 
24 h, treated with aqueous NaHC 03 , extracted with chloroform, 
dried over Na 2 S 04 , and concentrated in vacuo. The residued 
was purified by silica gel chromatography using first 2% then 
4% methanol in chloroform to provide 1.46 g (94%) of the 
desired compound (Rf 0.26, 10% methanol in chloroform) as a 
white solid, m.p. 58-61°C. Mass spectrum: (M + 1)+ = 667. 

Anal. Calcd for C38H4 6 N 6 0 5 -1.1H 2 0: C, 66.47; H, 7.08; 

N, 12.24. Found: C, 66.12; H, 6.68; N, 12.10. 

Example 39 

( 2 S« 3S.5S)-2- (N-(N-((2-Pvridinyl)methox y carbonyl)- 
^ a l invliamino)-5-(N-((3-Pvridinyl ) methoxycarbonyl)amino)-1.6- 

diphenvl-3-hvdroxyhexane. 

Using the procedure of Example 37C but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 2D provided, after silica gel chromatography using 
a gradient of 2-5% methanol in chloroform, 104 mg (95%) of 
the desired compound (Rf 0.30, 10% methanol in chloroform) as 
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a white solid, m.p. 169-171°C. Mass spectrum: (M + 1) + = 

654 . 

Anal. Calcd for C 37 H 4 3 N 5 C> 6 -0. 5 H 2 O: C, 67.05; H, 6.69; N, 
10.51. Found: C, 66.98; H, 6.53; N, 10.51. 

Example 40 

12S,3S«5S)-5-(N-(N-((2-Pyridin yl) methoxvcarbonyH- 
^ a l invl)amino) - 2 - (N-( (3-Pvridinvl)methoxyca rbonyl)amino)-1.6- 

diPhenvl-3-hydroxyhexane. 

Using the procedure of Example 38 but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 2D provided, after silica gel chromatography using 
a gradient of 2-5% methanol in chloroform, 102 mg (94%) of 
the desired compound (Rf 0.30, 10% methanol in chloroform) as 
a white solid, m.p. 172-174°C. Mass spectrum: (M + 1) + = 

654 . 

Anal. Calcd for C 37 H 43 N 5 O 6 •0. 5 H 2 O: C, 67.05; H, 6.69; N, 
10.51. Found: C, 66.70; H, 6.41; N, 10.37. 

Example 41 

-2- ( ((N-Methvl) amino) met hvl) thiazole. 

A mixture of 2.0 g (17.7 mmol) of the resultant compound 
of Example 14A, 4.78 g (71 mmol) of methylamine 
hydrochloride, 4.36 g (53 mmol) of sodium acetate and 1.67 g 
(27 mmol) of sodium cyanoborohydride in 50 ml of isopropyl 
alcohol was stirred at ambient temperature for 3 days. The 
resulting mixture was concentrated in vacuo, and the residue 
was taken up in ethyl acetate and extracted with saturated 
aqueous NaHCC> 3 . The aqueous layer was concentrated in vacuo 
to a small volume, saturated with NaCl, and extracted with 
10% methanol in chloroform until no product remained in the 
aqueous layer by tic. The combined organic layers were dried 
over Na 2 S 0 4 and concentrated in vacuo. Silica gel 
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chromatography using first 5% then 10% methanol in chloroform 
provided 0.4 g (18%) of the desired compound. 

E-- N~ ((N-Methvl-N-((2-thiazolvl)methvl)ami n o)carbonvll- 

valine Methyl Ester. 

A solution of 0.4 g (3.1 mmol) of the resultant compound 
of Example 41A and 3.1 mmol of the resultant compound of 
Example 2A in 10 ml of dichloromethane was stirred at ambient 
temperature for 1.5 h. The resulting solution was 
concentrated in vacuo, and the residue was purified by silica 
gel chromatography using first 1% then 2% methanol in 
chloroform to provide 0.57 g (64%) of the pure desired 
compound (Rf 0.61, 10% methanol in chloroform). 

- N~ ( (N-Methvl-N- (. (2-thiazolvl) methvl) ami n o) carbonvl) - 

valine. 

A solution of 0.57 g (2.0 mmol) of the resultant 
compound of Example 4 IB in 8 ml of dioxane was treated with 8 
ml (4.0 mmol) of 0.5 M aqueous lithium hydroxide. After 
being stirred at ambient temperature for 1 h, the resulting 
solution was neutralized with IN aqueous HC1, concentrated in 
vacuo to a small volume, saturated with NaCl, and extracted 
with two 100 ml portions of ethyl acetate. The combined 
organic layers were dried over Na 2 SC >4 and concentrated in 
vacuo to provide the desired compound. 

E-—IL - . ( (N-Methv l - N- ((2-th i a zolyl) methyl) amino) carbonyl) - 
valine p-Nitrophenyl Ester. 

A solution of 2.0 mmol of the resultant compound of 
Example 41C and 0.3 g (2.2 mmol) of 4-nitrophenol in 10 ml of 
tetrahydrofuran was treated with 0.43 g (2.2 mmol) of. 
dicyclohexyl carbodiimide. After being stirred for 3 h at 
ambient temperature, the mixture was filtered and the residue 
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was washed with 10 ml of fresh tetrahydrofuran. The combined 
filtrates were concentrated in vacuo to provide the crude 
desired compound* (Rf 0 . 11 , 20 % ethyl acetate in chloroform). 

EL- (2S,3S,5S)~2~(N-(N-((N-Methy l -N-((2-thiazolyl)- 

methvl)amino)carbonvl)valinvl)ami no)-5-m-((3-pvridinvl)- 

methoxvcarbonvl)amino)- 1 .6-d iphenvl-3-hvdroxyhexane. 

Using the procedure of Example 37C but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 4ID provided the desired compound. 

Example 42 

A.-trans-2-((3-Pvridin yl)methoxycarbonyl)amino-1- 

cvclohexanol. 

A mixture of 1.52 g (10 mmol) of trans-2- 
aminocyclohexanol hydrochloride, 2.74 g (10 mmol) of the 
resultant compound of Example 37A, and 1.5 ml of 
triethylamine in 20 ml of dichloromethane was heated at 
reflux for 3 h. The resulting mixture was allowed to cool, 
washed sequentially with a pH 5. solution of aqueous citric 
acid, water and aqueous NaHCC> 3 , dried over Na 2 SC> 4 , and 
concentrated in vacuo. Silica gel chromatography of the 
residue using 4% methanol in chloroform provided 1 .68 g (67%) 
of the desired compound as an oil, which solidified upon 
standing. X H NMR (CDCI 3 ) 8 1.1-1.4 (m, 4 H), 1.7 (m, 2 H), 

1.82 (br s, 1 H), 2.02 (m, 2 H), 3.25-3.45 (m, 2 H), 4.98 
(br, 1 H), 5.12 (s, 2 H), 7.29 (dd, J = 7, 5 Hz, 1 H), 7.70 
(m, 1 H), 8.55 (dd, J = 5, 2 Hz, 1 H), 8.60 (d, J = 2 Hz, 1 
H). Mass spectrum: (M + H) + = 251. 



B_ -(trans- 2- ((3-Pvridinvl)methoxvcarbonvl)*nHnn-i- 

CVClohexvl) -4-nitropheny lcarbonate . 

A solution of 212 mg (0.85 mmol) of the resultant 
compound of 42A in 5 ml of dichloromethane was treated with 
190 mg (0.9 mmol) of 4-nitrophenyl chloroformate, stirred for 
10 min, quenched with aqueous NaHCC> 3 , stirred for 2 min, 
P ar titioned, dried over Na 2 S 04 , and concentrated in vacuo. 
Silica gel chromatography using 3% methanol in chloroform 
provided 310 mg (88%) of the desired compound. 

£-*-(2 S>3S,5S)-2,5-Bis-(N- (trans-2 - ( N- ( (3-pvridinyl) - 

m ethOXYCarbonvl) amino-l-cvclohexyl ) oxycarbonyl)amino)- 1 .6- 

di Phenvl-3-hvdroxyhexane. 

A solution of 310 mg (0.75 mmol) of the resultant 
compound of Example 42B and 91 mg (0.32 mmol) of the 
resultant compound of Example IE in 5 ml of tetrahydrofuran 
was heated at reflux for 4 h. The resulting solution was 
taken up in ethyl acetate, washed with 6 portions of 0.1 N 
NaOH followed by water and brine, dried over Na 2 SC> 4 , and 
concentrated in vacuo. The residue was purified by silica 
Uel chromatography using 5% methanol in chloroform to provide 
the desired compound as a mixture of 4 diastereomers. Mass 
spectrum: (M + 1) + = 837. 


Example 43 

£-■- (2S. 3S. 5S) -2- (N- (N- ( (N-Met h yl-N- ( (4-thiazolyl) - 

methyl)amino)carbonyl) valinvl)ami no)-5-(N-((3-pvridinyl)- 
methoxycarbonv l ) . amino) -1. 6-diphenyl - 3-hydroxvhexane. 

Using the procedure of Example 37C but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 43B provided, after silica gel chromatography 
using a gradient of 2-3-5% methanol in chloroform, a 49% of 
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the desired compound (Rf 0.21, 10% methanol in chloroform) as 
a white solid. Mass spectrum: (M + 1) + = 673. 

Example 44 

(2Sr 3S,5S) -5-(N-(N-((N-Methyl- N-((4-thiazolyl)- 
methv l) amino)carbonvl)valinvl)amino)-2-(N-((3-pvridinyl)- 
methoxycarbonvl)amino) -1.6-diphenyl-3 -hydroxyhexane. 
Using the procedure of Example 38 but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 43B provided, after silica gel chromatography 
using a gradient of 2-3-5% methanol in chloroform, a 43% of 
the desired compound (Rf 0.23, 10% methanol in chloroform) as 
a white solid. Mass spectrum: (M + 1) + = 673. 

Example 45 

A. 2-Amino-4- (((N-Methyl)amino)methyl)thiazole. 

Using the procedure of Example 43A but replacing 4- 
(chloromethyl)thiazole hydrochloride with 2-amino-4- 
(chloromethyl)thiazole dihydrochloride provided the crude 
desired compound. 

-N- ( (N-Methyl-N - ( (2-amino-4- 

tlliazolvl) methvl) amino) carbonvl) valine Methyl Ester. 

A solution of 4.26 g (27 mmol) of the resultant compound 
of Example 2A in 100 ml of dichloromethane was added to 27 
mmol of the crude resultant compound of Example 45A followed 
by 3 ml (54 mmol) of 4-methylmorpholine. The resulting 
mixture was stirred for 16 h at ambient temperature, washed 
with saturated aqueous sodium bicarbonate, dried over Na 2 S 04 , 
and concentrated in vacuo to give the crude desired compound. 
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- N- ( (N-Methvl-N-..( C2r ( ( ( (t-butyl) oxy) c a rbonyl) amino) -4- 

t hiazolvl)methvl)amino)carbonvl)valine Methvl Ester. 

A solution of 1.0 g (3.33 mmol) of the crude resultant 
compound of Example 45B in 40 ml of dichloromethane was 
treated sequentially with 0.87 g (4 mmol) of di-t- 
butyldicarbonate and 10 mg of 4-dimethylaminopyridine. The 
resulting solution was stirred at ambient temperature for 3 
days, washed with 10% citric acid, dried over Na 2 SC> 4 , and 
concentrated in vacuo. Silica gel chromatography of the 
residue using first 30% then 40% ethyl acetate in chloroform 
provided 0.65 g (49%) of the desired compound (R f 0.58, 10% 
methanol in chloroform) as a foam. 

JL.-N~ ( (N-Methvl-N- ( (2- ( ( ( (t-butyl) oxy) car bonyl) amino) -4- 

thiazolvl)methvl)amino)carbonvl)valine L ithium Salt. 

A solution of 0.62 g (1.55 mmol) of the resultant 
compound of Example 45C in 6.2 ml of dioxane was treated with 
6.2 ml (3.1 mmol) of 0.5 M aqueous lithium hydroxide. After 
being stirred for 2 h at ambient temperature, the resulting 
solution was concentrated in vacuo to give the crude desired 
compound. 

-12S .3S.5S)-2-(N-(N-( (N-Methyl-N-( (2-( ( ( (t-butvDoxyt- 

Carbonvl)amino)-4-thiazolyl)met hyl)amino)carbonyl)- 
ya li nv l )am i no)-5-(N-((3-Pvridinvl)methoxyca r bonyl)amino)-1.6- 

diphenvl-3-hydroxy hexane. 

To a solution of 70 mg (0.17 mmol) of (2S,3S,5S)-2- 
amino-5-(N-((3-pyridinyl)methoxycarbonyl)-amino)-1,6- 
diphenyl-3-hydroxyhexane, 0.20 mmol of the resultant compound 
of Example 45D, 34 mg (0.25 mmol) of 1-hydroxybenzotriazole 
monohydrate and 37 (IL (0.34 mmol) of 4-methylmorpholine in 1 
ml of tetrahydrofuran was added 48 mg (0.25 mmol) of ethyl- 
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(3-dimethylaminopropyl)-carbodiimide. The resulting solution 
was stirred for 16 h at ambient temperature, diluted with 
chloroform, washed with saturated aqueous NaHC 03 , dried over 
Na 2 S 04 , and concentrated in vacuo. Silica gel chromatography 
using sequentially 1.5% and 3% methanol in chloroform 
provided 97.2 mg (72.5%) of the desired compound (Rf 0.59, 

10% methanol in chloroform) as a white solid, m.p. 95-98°C. 
Mass spectrum: (M + 1) + = 788. 

Example 46 

(2S.3S.5S)-5-(N-(N-((N-Methvl-N- ((2-((( (t-butvl)oxy)- 

carbonvl) amino)-4-thiazolyl)methyl)amino)carbonyl)- 
valinvl)amino) -2-(N- ( (3-pyridinyl)met hoxycarbonyl)aminol-1.6- 

diphenvl-3-hydroxyhexane. 

Using the procedure of Example 45E but replacing 
(2S,3S,5S)-2-amino-5-(N-((3-pyridinyl)methoxycarbonyl)- 
amino)-1,6-diphenyl-3-hydroxyhexane with (2S,3S, 5S)-5-amino- 
2-(N-((3-pyridinyl)methoxycarbonyl)amino)-1, 6-diphenyl-3- 
hydroxyhexane provided, after silica gel chromatography using 
a gradient of 1.5% - 2% - 3% methanol in chloroform, 96 mg 
(71.6%) of the desired compound (Rf 0.60, 10% methanol in 
chloroform) as a white solid, m.p. 103-105°C. Mass spectrum: 
(M + 1) + = 788. 

Anal. Calcd for C4iH 5 3N 7 O7S*0.75H20: C, 61.44; H, 6.85; 

N, 12.23. Found: C, 61.16; H, 6^64, N, 11.91. 

Example 47 

A-- (2S.3R.4S^5S)-5-Amino-2-(N-(N- ( (N-methyl-N-((2- 

pvridinvl)methvl)amino)carbon yl)valinyl)amino)-3.4-dihydroxy- 

^.6-diphenylhexane. 

A solution of 0.40 g (0.133 mmol) of the resultant 
compound of Example 13D and 0.57 g (0.147 mmol) of the 
resultant compound of Example 3F in 10 ml of tetrahydrofuran 
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was stirred at ambient temperature for 16 h. The resulting 
solution was diluted with 50 ml of chloroform, washed with 
several portions'of 3N aqueous NaOH, dried over Na 2 SC> 4 , and 
concentrated in vacuo. Silica gel chromatography of the 
residue using sequentially 3%, 5% and 10% methanol in 
chloroform provided 0.41 g (56%) of the desired compound (Rf 
0.15, 10% methanol in chloroform). 

E--(2S.3R,4S,5S)-2-(N-(N-((N-Methyl-N -((2-pyridinyl)- 

methvl)amino)carbonvl)valinvl)amino)-5-(N -( ( 3 - 

PVridinvDmethoxvcarbonvl) amino) -3.4-dihvdroxy-l. 6- 

diohenylhexane. 

A solution of 70 mg (0.13 mmol) of the resultant 
compound of Example 47A and 42 mg (0.15 mmol) of the 
resultant compound of Example 37A in 1 ml of tetrahydrofuran 
was stirred at ambient temperature for 16 h. The resulting 
solution was concentrated in vacuo, and the residue was 
purified by silica gel chromatography using a gradient of 2%- 
3.5% methanol in chloroform to provide 72 mg (83%) of the 
desired compound (R f 0.33, 10% methanol in chloroform) as a 
white solid, m.p. 86-88°C. Mass spectrum: (M + 1) + = 683. 

Anal. Calcd for C38H 46 N 6 06 ■ 0.5H 2 0: C, 65.97; H, 6.85; N, 
12.15. Found: C, 65.79; H, 6.53; N, 11.95. 

Example 48 

A--(2S.3R.4S,5S)-5-Amino-2-(N-( (3-pyridinyl)methoxy- 

carbonyl)amino)-3 ,4-dihydroxy-1.6-diphenylhexane. 

A solution of 250 mg (0.83 mmol) of the resultant 
compound of Example 13D and 251 mg (0.916 mmol) of the 
resultant compound of Example 37A in 20 ml of tetrahydrofuran 
was stirred at ambient temperature for 16 h. The resulting 
solution was concentrated in vacuo, and the residue was 
purified by silica gel chromatography using a gradient’ of 2%- 
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3.5%-10% methanol in chloroform to provide 142 mg (57%) of 
the desired compound (Rf 0.15, 10% methanol in chloroform). 

B--L2 S,3R,4S,5S)-5-(N~(N-((N-Methyl-N-((2-pvririinyl)- 

methvl)aminos c arbonyl)valinyl)amino)-2-(N-((3- 

PYridinvl)methoxvcarbony l)amino)-3.4-dihvdroxv-l.6- 

dinhenylhexane. 

A solution of 70 mg (0.13 mmol) of the resultant 
compound of Example 48A in 1 ml of tetrahydrofuran was 
treated with 42 mg (0.15 mmol) of the resultant compound of 
Example 3F . The resulting solution was stirred at ambient 
temperature for 16 h and concentrated in vacuo. The residued 
was purified by silica gel chromatography using sequentially 
2% and 3.5% methanol in chloroform to provide 66 mg (76%) of 
the desired compound (Rf 0.33, 10% methanol in chloroform) as 
a white solid, m.p. 82-83°C. Mass spectrum: (M + 1) + = 683. 

Anal. Calcd for C38H 46 N 6 06-0.75H 2 0: C, 65.55; H, 6.88; 

N, 12.07. Found: C, 65.55; H, 6.49; N, 11.77. 

Example 49 

&-■- (2S, 3R, 4S, 5S) -5-Am i no-2- (N- (N- ( ( 2-Pvridinvl ) methoxy- 

carbonv l )valinvl)amino)-3.4-dihydroxy-l.6 - diphenylhexane. 

Using the procedure of Example 47A but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 2D provided, after silica gel chromatography using 
first 2% then 4% then 10% methanol in chloroform, 210 mg 
(24%) of the desired compound (Rf 0.20, 10% methanol in 
chloroform). 


-103- 

B-.- (2S« 3R« 4S. 5S) -2- (N- (N- ( (2-Pyri dinyl)methoxy- 

carbonv l )valinvl) amino)-5-(N-((3-pyri d invi)methoxy- 
g arbonv l ) am i no )--3, 4-dihvdroxv-l. 6 -djphenylhexane. 

Using the procedure of Example 47B but replacing the 
resultant compound of Example 47A with the resultant compound 
of Example 49A provided, after silica gel chromatography 
using first 2% then 3.5% methanol in chloroform, 66 mg ( 75 %) 
of the desired compound (Rf 0.32, 10% methanol in chloroform) 
as a white solid, m.p.166—168°C. Mass spectrum: (M + 1 ) + = 
670. 

Anal. Calcd for C 37 H 43 N 5 O 7 : C, 66.35; H, 6.47; N, 10.46. 
Found: C, 66.25; H, 6.53; N, 10.28. 

Example 50 

12S,3R,4S.5S)-5-(N-(N-((2-Pyridinyl)methoxy- 
carbonvl)valinvl)amino)-2 -(N-((3-pvridinyl)methoxy- 
garbonvl)amino)-3.4-dihyd r oxy- 1 . 6 -diphenylhexane. 

Using the procedure of Example 48B but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 2D provided, after silica gel chromatography using 
first 2% then 4% then 10% methanol in chloroform, 61 mg (57%) 
of the desired compound (R f 0.32, 10% methanol in chloroform) 
as a white solid, m.p.184-185°C. Mass spectrum: (M + 1) + = 
670. 

Anal. Calcd for 037 ^ 3 ^ 07 - 0 .5H 2 0: C, 65.47; H, 6.53; N, 
10.32. Found: C, 65.23; H, 6.27; N, 10.25. 

Example 51 

K. -LrAmino-2-methvl-2-pro panol Hydrochloride. 

A solution of 30 ml of borane-tetrahydrofuran (30 ml, 1 
M) was cooled under N 2 atmosphere to 0°C and treated in a 
dropwise fashion with much gas evolution with 2 ml of acetone 
cyanohydrin. After addition, the resulting solution was 
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heated at reflux for 4 h, allowed to cool, quenched 
cautiously (with gas evolution) with 100 ml of 1 N aqueous 
HC1, and stirred for 1 h. The resulting mixture was washed 
four times with dichloromethane, then concentrated in vacuo 
to the desired compound an oil. The oil, when heated under 
high vacuum produced a white foam which was extremely 
hygroscopic. 

-L-((3- Pvridinvl)methoxvcarbonvl)amino- 2 -methyl- 2 - 

propanol. 

Using the procedure of Example 42A but replacing trans- 
2 -aminocyclohexanol hydrochloride with the resultant compound 
of 51A provided, after silica gel chromatography using first 
4% then 7.5% methanol in chloroform, the desired compound. 

!h NMR (CDC1 3 ) 5 1.22 (s, 6 H) , 3.20 (d, J = 6 Hz, 2 H), 5.13 
(s, 2 H), 5.18 (br, 1 H), 7.30 (dd, J = 7, 5 Hz, 1 H) , 7.71 
(m, 1 H), 8.58 (br d, J = 5 Hz, 1 H) , 8.62 (br, 1 H) ’ Mass 
spectrum: (M + H) + = 225. 

-1-((3-Pvridinvl)methoxvcarbonvl)a mino-2-methvl-2-propyl1 - 

4-rnitrophenvlcarbonate. 

Using the procedure of Example 42B but replacing the 
resultant compound of Example 42A with the resultant compound 
of Example 51B provided, after silica gel chromatography 
using first chloroform, then 3% methanol in chloform, the 
desired compound in 74% yield. 

IL.- L2 £ t 3S, 5S) -2,5~Bis ~ (N~ (N- ( 1 - ( (3-Pvr idinyl) methoxy- 

carbonvl)amino-2-methvT -2-propyl)oxvcarbonvl)amino)-1.6- 

diphenvl-3-hydro xyhexane. 

Using the procedure of Example 42C but replacing the 
resultant compound of Example 42B with the resultant compound 
of Example 51C provided, after silica gel chromatography 
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using 5% methanol in chloroform, the desired compound. Mass 
spectrum: (M + 1) + = 785. 


Example 52 

A-- N~((3-Pvr i d i n v l )methoxv carbonyl)valine p-Nit rophenyl 

Ester. 

Using the procedures of Examples 2B, 2C and 2D but 
replacing pyridine-2-methanol with pyridine-3-methanol 
provided the desired compound. 

fi-- (2S« 3S.5S)-5-(N-(N-((3-Pyridin y l)methoxvcarbonyl)- 

va li ny l )am i no) -2- (N-( (3-Pvri dinyl)methoxycarbonyl)amino!-1,6- 

diphenvl-3-hydroxy hexane. 

Using the procedure of Example 38 but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 52A provided, after silica gel chromatography 
using a gradient of 2-3.5% methanol in chloroform, 81 mg 
(87%) of the desired compound (Rf 0.30, 10% methanol in 
chloroform) as a white solid. Mass spectrum: (M + 1) + = 

654 . 


Example 53 

- (2S, 3S, 5S) -2- (N- (N- ( (3-Pyridin y l) methoxvcarbonyl) - 
val i ny l )am i no) -5- (N- ((3-Pvri dinyl)methoxycarbonyl)amino)-1. 6 - 

diphenvl-3-hyd roxyhexane. 

Using the procedure of Example 37C but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 52A provided, after silica gel chromatography 
using a gradient of 2-3.5% methanol in chloroform, 76 mg 
(81%) of the desired compound (Rf 0.30, 10% methanol in 
chloroform) as a white solid. Mass spectrum: (M + 1) + = 

654 . 



Example 54 

A--N-.1 (2-Thiazolvl) methoxycarbonyl) valine p-Nitrophenyl 

Ester. 

Using the procedures of Examples 2B, 2C and 2D but 
replacing pyridine- 2 -methanol with 2 -(hydroxymethyl)-thiazole 
(Dondoni, et. al.. Synthesis, 1987, 998; Tetrahedron Lett. 
1983, 24, 2901) provided the desired compound. 

-(2S« 3S. 5S) -5- (N- (N- ( (2-Thiazolyl) metho xycarbonyl ) - 

va li nvl)am i no) -2-(N- ((3-Pv ridinyl)methoxycarbonyl)amino)-1.6- 

diphenvl-3-hydroxyhexane. 

Using the procedure of Example 38 but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 54A provided, after silica gel chromatography 
using a gradient of 2—3.5% methanol in chloroform, 69 mg 
(86%) of the desired compound (Rf 0.36, 10% methanol in 
chloroform) as a white solid. Mass spectrum: (M + 1) + = 

660. 


Example 55 

(2Sr 3S> 5S)-2- (N-(N-((2-Thiazolyl)methoxycarbonyl)- 
va li nv l ) amino) -.5-(N-( (3-ovridinyl) met h oxycarbonyl) amino)- 1 . 6 - 

diphenvl-3-hydroxyhexane. 

Using the procedure of Example 37C but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 54A provided, after silica gel chromatography 
using a gradient of 2-3.5% methanol in chloroform, a 90% of 
the desired compound (Rf 0.36, 10% methanol in chloroform) as 
a white solid. Mass spectrum: (M + 1) + = 


660 . 
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Example 5 6 

-4-(Chloromethvl)-2-me thylthiazole. 

A mixture of 7.13 g (56 mmol), of 1,3-dichloroacetone, 
3.83 g (51 mmol) of thioacetamide and 4.73 g (56 mmol) of 
NaHCC >3 in 40 ml of dichloroethane was stirred at ambient 
temperature for four days. The resulting mixture was 
filtered and the filter cake was washed with fresh 
dichloroethane. The combined filtrates were added slowly to 
^ precooled (0°C) solution of 4.1 ml (56 mmol) of thionyl 
chloride in 30 ml of dichloroethane. The resulting mixture 
was heated at 70°C for 40 min, cooled, and filtered. The 
residue was washed with a small amount of dichloromethane and 
dried under vacuum at 50°C to provide 3.0 g of the crude 
desired compound. 

E-.- 1 -((N- Methvl) aminomethvl) - 2 -methylthiazole . 

The resultant compound of 56A (1.0 g) was added slowly 
in portions to 100 ml of a rapidly stirred 40% aqueous 
solution of methylamine. After being stirred for 1 h, the 
solution was concentrated in vacuo, taken up in 
dichloromethane, dried over Na 2 SO<|, and concentrated to 
provide the crude desired compound as a yellow oil. 

-H r ( (4-N itrOPhenvl oxv) carbonyl) valine Methyl Ester. 

A solution of 1.36 g ( 6.8 mmol) of 4—(nitrophenyl) 
chloroformate in 50 ml of dichloromethane was cooled to 0°C 
and treated sequentially with 1.03 g ( 6.1 mmol) of valine 
methyl ester hydrochloride and 1.42 ml (13 mmol) of 4 - 
methylmorpholine. The resulting solution was stirred at 
ambient temperature for 1 h, diluted with dichloromethane, 
washed with aqueous NaHCC> 3 , dried over Na 2 S 04 , and 
concentrated to give the crude desired compound. 
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EL.- N~ ( (N-Me thv l -N- ( (2-meth vl-4-thiazolyl)methyl ) amino) - 

carbonvl)va line Methyl Ester. 

A mixture of 5.4 mmol of the crude resultant compound of 
Example 56B and 6.1 mmol of the crude resultant compound of 
Example 56C was treated with 0.5 mmol of 4—dimethylpyridine 
in 40 ml of toluene and heated at reflux for 4 h. The 
resulting solution was concentrated in vacuo, taken up in 
dichloromethane, washed sequentially with aqueous NaHC 03 and 
10% citric acid, dried over Na 2 SC> 4 , and concentrated in vacuo. 
Silica gel chromatography using first chloroform, then 2%, 
then 5% methanol in chloroform provided 1.1 g of the desired 
compound. 

E-.- N~ ( (N-Met hvl-N- ( (2-me thvl-4-thiazolyl) methyl) amino) - 

carbonvl)valine p-Nitro phenvl Ester. 

Using the procedures of Examples 41C and 4ID but 
replacing the resultant compound of Example ,4IB with the 
resultant compound of Example 56D provided the desired 
compound. 

-(2S, 3S. 5S) -2- (N- (N- ( (N-Methyl-N- ( (2-methyl-4- 

thiazolvl)methvl)amino)carbon vl)valinyl)amino)-5-(N- ( (3- 
B.yridin vl) methoxvcarbonvl) amino) -l. 6-diphenyl-3- 

hvdroxyhexane. 

Using the procedure of Example 37C but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 56E provided, after silica gel chromatography 
using a gradient of 1.5-3-5% methanol in chloroform, a 72% of 
the desired compound (Rf 0.28, 10% methanol in chloroform) as 
a white solid. Mass spectrum: (M + 1) + = 687. 
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Example 57 

C-- C2S,3S,5S)-2-(N-(N-((N-Methyl-N-((2-amino-4- 

thiazolvl)methvl)amino)carbonyl)valinvl)amino)-5-(N -( (3- 
pyridinvl)methoxvcarbony l)amino)-1,6-diphenyl-3- 

hvdroxyhexane. 

Using the procedure of Example 47B but replacing the 
resultant compound of Example 47A with the resultant compound 
of Example 57B provided, after silica gel chromatography 
using a gradient of 2% - 3% - 3.5% - 5% - 7% methanol in 
chloroform, 42 mg (50%) of the desired compound (R f 0.22, 10% 
methanol in chloroform). Mass spectrum: (M + 1) + = 688. 

Example 58 

-(2 S, 3S. 5S) r.5- (N- (N- ( (N-Methyl-N- ( (2-amino-4- 

thiazolvl)methvl)amino)carbonyl)valinyl)amino)-2-(N- ( (3- 
pvridinvl)methoxvcarbony l)amino)-1,6-diphenvl-3- 

hvdroxyhexane. 

Using the procedure of Example 47B but replacing the 
resultant compound of Example 47A with the resultant compound 
of Example 58B provided, after silica gel chromatography 
using a gradient of 2% - 3.5% - 5% methanol in chloroform, 48 
mg (58%) of the desired compound. Mass spectrum: (M + 1) + = 
688 . 


Example 59 

-2-(N-Ethvlamino)methyl )pyridine. 

Using the procedure of Example 70A but replacing 
quinoline-2-carboxaldehyde with pyridine-2-carboxaldehyde and 
replacing methylamine with ethylamine provided the crude 
desired compound. 
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E->- N- ( (N- E ttlYl-N- ( (2-Pvridinvl) methvl) amin o ) carbonyl) -valinp 

p-.Nitrophenvl Ester. 

Using sequentially the procedures of Examples 41B, 41C, 
and 41D, but replacing the resultant compound of Example 41A 
with the resultant compound of Example 59A provided the 
desired compound. 

-(2S,3S , 5S) ~5~(N-(N-((N-Ethyl-N-((2-pvridinyl)- 

methvl) amino)carbonvl)valinvl)a mino)-2-(N-((3-pvridinvl)- 
methoxycarbonvl )amino)-1.6-diphe n yl-3-hydroxyhexane. 
Using the procedure of Example 38 but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 59B provided, after silica gel chromatography 
using a gradient of 2-5% methanol in chloroform, a 88% of the 
desired compound (R f 0.28, 10% methanol in chloroform) as a 
white solid. Mass spectrum: (M + 1) + = 861. 

Example 60 

(2S,3S, 5s5) ~2~ (N~ (N- ( (N-Ethyl-N- ( (2-pyridinyl) - 
methyl)amino)carbonyl) valinvl)am ino)-5-(N-((3-pvridinyl)- 
methoxycarbonvl) amino)-1.6-dip h enyl-3-hydroxyhexane. 

Using the procedure of Example 37C but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 59B provided, after silica gel chromatography 
using a gradient of 2-5% methanol in chloroform, a 93% of the 
desired compound (R f 0.28, 10% methanol in chloroform) as a 
white solid. Mass spectrum: (M + 1) + = 861 

Example 61 

(2S,3R,4S. 5S) -2- (N-(N-((N - methyl-N- ( (2-pyridinyl)- 
methy l )a m i no) carbony l)valinvl)amino)-5-(N-( ( rt-butyl)oxy)- 
o arbonvl)amino)-3. 4-dihyd roxy-l,6-diphenylhexane. 
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A solution of 110 mg (0.20 mmol) of the resultant 
compound of Example 47A in 1 ml of dichloromethane was 
treated with 53 mg (0.24 mmol) of di-t-butyldicarbonate. The 
resulting solution was stirred for 16 h at ambient 
temperature, concentrated in vacuo, and purified by silica 
gel chromatography using first 1.5% then 2% methanol in 
chloroform to provide 93 mg (72%) of the desired compound (R f 
0.53, 10% methanol in chloroform) as a white solid, m.p. 105- 
107°C. Mass spectrum: (M + 1) + = 648. 

Anal. Calcd for C 36 H 49 N 5 O 6 • 0.25H 2 0: C, 66.2 9/ H, 7.65; 

N, 10.74. Found: C, 66.11; H, 7.56; N, 10.64. 

Example 62 

A--(2S.3R.4S.5S)-5-Amino-2-(N - (( (t-butvl)oxy)- 

carbonyl)amino)-3.4-dih ydroxy-l,6-diphenylhexane. 

A solution of 0.70 g (2.33 mmol) of the resultant 
compound of Example 13D and 0.61 g (2.8 mmol) of di-t- 
butyldicarbonate in 20 ml of dichloromethane was stirred at 
ambient temperature for 16 h. The resulting solution was 
concentrated in vacuo, and the residue was purified by silica 
gel chromatography using first 5% then 10% methanol in 
chloroform to provide 0.67 g (72%) of the desired compound 
(Rf 0.32, 10% methanol in chloroform) as a white solid. 

B-i- (2St 3R, 4S, 5S) -5- (N- (N- ( (N-M e thyl-N- ( (2-pyridinyl) - 

methv l)amino) carbonvl)valinvl)amino)-2-m-(((t-butvl)oxy)- 
c arbony l )am i no) -3. 4-dihvdroxv-l.6-di phenylhexane. 

Using the procedure of Example 48B but replacing the 
resultant compound of Example 48A with the resultant compound 
of Example 62A provided, after silica gel chromatography 
using first 1.5% then 2% methanol in chloroform, 103 mg (79%) 
of the desired compound (Rf 0.55, 10% methanol in chloroform) 


% % 
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as a white solid, m.p. 91-93°C. Mass spectrum: (M + 1) + = 
648. 

Anal. Calcd for C 36 H 49 N 5 O 6 : C, 66.75; H, 7.62; N, 10.81. 
Found: C, 66.58; H, 7.34; N, 10.64. 

Example 63 

ZL-(2S.3S.5S)-5-Amino-2-(N-(((t-butyl ) oxy)-carbonyl)amino)- 

1.6-diphenvl-3-hvdroxvhexane and (2S,3S.5S)-2-Amino-5-(N- 
(((t-butvl)oxv)carbonvl)amino) -1,6-diphenyl-3-hydroxyhexane. 
A solution of 1.5 g (5.3 mmol) of the resultant compound 
of Example IE and 1.4 g (6.3 mmol) of di-t—butyldicarbonate 
in 50 ml of dichloromethane was stirred at ambient 
temperature for 16 h. The resulting solution was 
concentrated in vacuo, and the residue was purified by silica 
gel chromatography using first 5% then 10% methanol in 
chloroform to provide a mixture of the desired compounds. A 
second silica column using sequentially 0%, 0.5%, and 1% 
methanol in 2% isopropylamine/chloroform provided 0.65 g of 

(25.35.55) -5-amino-2- (N-(( (t-butyl)oxy)carbonyl)amino)-1,6- 
diphenyl-3-hydroxyhexane (Rf 0.27) and 0.18 g of (2S,3S,5S)- 
2-amino-5-(N-(((t-butyl)oxy)carbonyl)amino)-1,6-diphenyl-3- 
hydroxyhexane (Rf 0.23, 2% methanol/2% isopropylamine in 
chloroform) along with 0.15 g of a mixture or the two desired 
compounds. 

IL-(2S.3S,5S)-2-(N-(N-(( N-Methyl-N-((2-pyridinyl)- 

met hyl)amino) carbonvl)valinvl)amino)-5-(N-(((t-butyl)oxy)- 
carbonvl)amino) -1.6-diphenyl-3-hydroxyhexane. 

Using the procedure of Example 37C but replacing 

(25.35.55) -2-amino-5-(N-((3-pyridinyl)methoxycarbonyl)- 
amino)-1,6-diphenyl-3-hydroxyhexane with (2S,3S,5S)-2-amino- 
5-(N-(((t-butyl)oxy)carbonyl)amino)-1,6-diphenyl-3- 
hydroxyhexane provided, after silica gel chromatography using 
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2 % methanol in chloroform, 66 mg (92%) of the desired 
compound (Rf 0.60, 10% methanol in chloroform) as a white 
solid, m.p. 84-85°C. Mass spectrum: (M + 1) + = 632. 

Anal. Calcd for C36H 4 9N 5 05-0.5H2<3: C, 67.48; H, 7.86; N, 
10.93. Found: C, 67.40; H, 7.54; N, 10.90. 

Example 64 

12.S..iJ S« 5S) -5- (N- (N- ( (N-Methyl-N- ( (2-pyridinvl) - 
m ethvl) amino)carbonvl)valinvl)amino)-2-(N-(((t-butvl)oxy)- 
carbonyl)amino)-1 ,6-diphenyl-3-hydroxyhexane. 

Using the procedure of Example 37C but replacing 
(2S,3S,5S)-2-amino-5-(N-((3-pyridinyl)methoxycarbonyl)- 
amino)-1,6-diphenyl-3-hydroxyhexane with (2S,3S,5S)-5-amino- 
2-(N-(((t-butyl)oxy)carbonyl)amino)-1,6-diphenyl-3- 
hydroxyhexane provided, after silica gel chromatography using 
2% methanol in chloroform, 57 mg (80%) of the desired 
compound (Rf 0.60, 10% methanol in chloroform). Mass 
spectrum: (M + 1) + = 632. 


Example 65 

. (2S, 3S, 5S) -5-(N- (N- ( (N-Met h yl-N- ( (2-methyl-4- 
thiazQlvl) methvl)amino)carbonyl)valinvl)amino)-2-(N-((3- 
Pvridinvl)methoxvcarbonvl)amino)-1.6-diphenvl-3- 

hydroxvhexane. 

Using the procedure of Example 38 but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 56E provided, after silica gel chromatography 
using a gradient of 1-3-5% methanol in chloroform, a 82% of 
the desired compound (Rf 0.30, 10% methanol in chloroform) as 
a white solid. Mass spectrum: (M + 1) + = 687. 
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Example 66 

K. -(_2S, 3R. 4S, 5S) -5- (N- (N- ( (N- Methyl-N- ( (2- ( ( ( (t.- 

blltvl) oxv) carbonvl) amino) -4-thia7.nl Y 1) methvl ) amino) - 
carbonyl)valinyl)amino)-2-( (( ( t-butyl)oxy)—carbonyl)ami no)- 
3. 4-dihvdroxv-l.6-dipheny lhexane. 

Using the procedure of Example 45E but replacing 
(2S,3S,5S)-2-amino-5-(N-((3-pyridinyl)methoxycarbonyl)- 
amino)-1,6-diphenyl-3-hydroxyhexane with the resultant 
compound of Example 62A provided the desired compound (Rf 
0.68, 10% methanol in chloroform). 

E_.-(2S. 3R. 4S, 5S) -2-Amino-5- (N- m- ( (N-methyl-N- ( (2-amino-4- 

thiazo lvl)methvl)amino)carbonyl)valinvl)amino)-3.4-dihvdroxY- 

1.6-diphenylhexane. 

Using the procedure of Example 58B but replacing the 
resultant compound of Example 58A with the resultant compound 
of Example 66A provided the desired compound. 

- L2S, 3Rf 4S, 5S) -5- (N- (N- ( (N-Methyl-N- ( (2-amino-4- 

th i azolvl)methvl)amino)carbonyl)v alinyl)amino)-2- ((((t- 
butv l )QX V)carbonv l )a mino ) -3.4-dihvdroxv-l.6-diohenvlhexane. 
Using the procedure of Example 61 but replacing the 
resultant compound of Example 47A with the resultant compound 
of Example 66B provided, after silica gel chromatography 
using first 2%, then 4%, then 6% methanol in chloroform, 61 
mg (67%) of the desired compound (Rf 0.35, 10% methanol in 
chloroform) as a white solid, m.p. 103-107°C. Mass spectrum: 
(M + 1)+ = 669. 
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Example 67 

X2. S, 3S t-5 £I~5- (N~ ( ( (t-Butvl) oxv) carbonyl) amino) -2- (N- (N- ( (N- 
methvl-N-((2-amino-4-thiaz olvl)methvl)amino)- 
carbony l )valinvl)amino)-1. 6 - diphenyl-3-hydroxYhexane . 

A solution of 0.12 mmol of the resultant compound 
of Example 57B in 1 ml of dichloromethane was treated with 
0.14 mmol of di—t-butyldicarbonate. After being stirred for 
three days at ambient temperature, the solution was 
concentrated in vacuo and purified by silica gel 
chromatography using a gradient of 2% - 3.5% - 5% methanol in 
chloroform to provide 48 mg (58%) of the desired compound (Rf 
0.22, 10% methanol in chloroform). Mass spectrum: (M + 1) + 

= 653. 

Example 68 

(2Sr3S«5S)- 2 - (N-(((t-Butv l ) oxv ) carbonyl)amino)-5-(N-(N-((N- 
methvl-N-(( 2-amino-4-thiazolyl) methyl)amino)- 
carbonyl)valinvl) amino)-1.6-diphe n vl-3-hydroxyhexane. 

Using the procedure of Example 67 but replacing the 
resultant compound of Example 57B with the resultant compound 
of Example 58B provided, after silica gel chromatography 
using first 2% then 3.5% methanol in chloroform, 42 mg (54%) 
of the desired compound. 


Example 69 

£l. -2 - ( ( (N-Methvl) amino) met hyl) benzimidazole. 

Using the procedure of Example 43A but replacing 4- 
(chloromethyl)thiazole hydrochloride with 2-(chloro- 
methyl)benzimidazole hydrochloride provided the crude desired 
compound in 30% yield after silica gel chromatography using 
2% isopropylamine/5% methanol in chloroform. 
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B--N r((N-Methvl-N-((2-benzimidazolyl) me t hvl)amino)- 

carbonyl)vali ne Methyl Ester. 

Using the procedure of Example 4IB but replacing the 
resultant compound of Example 41A with the resultant compound 
of Example 69A provided, after silica gel chromatography 
using 4% methanol in chloroform, 1.74 g (87%) of the desired 
compound (Rf 0.50, 4% methanol in chloroform). 

- N~((N-Methv l-N-((2-ben zimidazolvl) methyl) amino)- 

carbonyl)valine. 

Using the procedure of Example 41C but replacing the 
resultant compound of Example 4IB with the resultant compound 
of Example 69B provided the desired compound. 

I2-.- N~ ( (N-Methvl-N- ( (2-benzimidazol y l)methyl) amino) - 

car bonvl)valine p-Nitrophenvl Ester. 

Using the procedure of Example 4ID but replacing the 
resultant compound of Example 41C with the resultant compound 
of Example 69C provided the desired compound. 

E-.-L2 S, 3S, 5S) ~5~ (N~ (N- ( (N-Methvl-N- ( (2 - benzimidazoly 1) - 

methyl) amin o)carbonyl)valinvl)amino)-2-(N-( (3-pyridinvl)- 

methoxvcarbonvl)amino) - 1 . 6-diphe n yl-3-hydroxyhexane. 

Using the procedure of Example 45E but replacing 
(2S,3S,5S)-2-amino-5-(N-((3-pyridinyl)methoxycarbonyl)- 
amino)-1,6-diphenyl-3-hydroxyhexane with (2S,3S,5S)-5-amino- 
2-(N-((3-pyridinyl)methoxycarbonyl)amino)-1,6-diphenyl-3- 
hydroxyhexane and replacing the resultant compound of Example 
45D with the resultant compound of Example 69C provided, 
after silica gel chromatography using first 2.5% then 4.5% 
methanol in chloroform, 74.2 mg (62%) of the desired compound 
(Rf 0.30, 10% methanol in chloroform) as a white solid, m.p. 
97-100°C. Mass spectrum: (M + 1) + =706. 


% i 
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Ana 1. Calcd for C 40 H 47 N 7 O 5 • 0. 5 H 2 O: C, 67.21/ H, 6.77; N, 
13.72. Found: C, 66.83; H, 6.70; N, 13.57. 

Example 70 

Aj _2-(N-Methylamin o)methyl)quinoline. 

A mixture of 1.93 g of quinoline-2-carboxaldehyde and 
0.19 g of 10 palladium on carbon in 15 ml of anhydrous 
methylamine and 45 ml of methanol was shaken under 4 
atmospheres of hydrogen for 8 h. The resulting mixture was 
filtered through Celite and concentrated in vacuo to provide 
the crude desired compound. 

B-,-Mr((N-Methyl-N- ( (2-qui nolinyl)methyl)amino)carbonyl)- 

valine. 

Using sequentially the procedures of Examples 41B and 
41C, but replacing the resultant compound of Example 41A with 
the resultant compound of Example 70A provided the desired 
compound. 

_ (2S. 3S.5S)-5-(N-(N- ( (N-Methyl-N-((2-quinolinyl)- 

methvl)amino)carbonyl)valinyl)amino)-2-(N-((3-pyridinyl)- 
methoxycarbonyl) amino)- 1 .6-diphenyl-3-hydroxyhexane. 

Using the procedure of Example 46 but replacing the 
resultant compound of Example 45D with the resultant compound 
of Example 70B provided, after silica gel chromatography 
using a gradient of 1-2.5% methanol in chloroform, 105 mg 
(60%) of the desired compound (Rf 0.40, 10% methanol in 
chloroform) as a white solid. Mass spectrum: (M + 1) + = 

717. , 
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Example 71 

(2S, 3St.5S) -2- (N- (N- < (N-Met h yl-N- ( 1 2-quinolinyl) - 
methvl)amino)carbonvl) valinvl)amino)-5- (N- ( (3-pyridinvl)- 
m ethQXYCarbonv l ) amino)- 1.6-diphenyl-3-hydroxyhexane. 
Using the procedure of Example 45E but replacing the 
resultant compound of Example 45D with the resultant compound 
of Example 70B provided, after silica gel chromatography 
using a gradient of 1-2.5% methanol in chloroform, 100 mg 
(60%) of the desired compound (Rf 0.36, 10% methanol in 
chloroform) as a white solid. Mass spectrum: (M + 1) + = 

717 . 


Example 72 

£l. - 1- (N-Methvlamino) methyl) isoauinoline . 

Using the procedure of Example 70A but replacing 
quinoline-2-carboxaldehyde with isoquinoline-l-carboxaldehyde 
(Minisci, et. al., J. Org. Chem., 1986, 51, 536) provided the 
crude desired compound. 

a--Nr.i.(N-Methvl-N- ( (1-isoauinoliny l) methyl) amino) - 

carbonvl)valine p-Nitrop henvl Ester. 

Using sequentially the procedures of Examples 41B, 41C, 
and 4 ID, but replacing the resultant compound of Example 41A 
with the resultant compound of Example 72A provided the 
desired compound. 

3S, 5S) -5- (N- (N- ( (N-Meth yl-N- ( ( 1-isoquinolinyl) - 
methvl) amino)carbonvl)valinyl)amino)-2-(N -((3-pyridinyl)- 
methoxvcarbonvl)amino)-1.6-dip henyl-3-hydroxyhexane. 

Using the procedure of Example 38 but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 72C provided, after silica gel chromatography 
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using a gradient of 2-3.5% methanol in chloroform, 98 mg 
(96%) of the desired compound (Rf 0.41, 10% methanol in 
chloroform) as a white solid. Mass spectrum: (M + 1) + = 

717 . 


Example 73 

I2 S« 3S.5S)-2- (N- (N-((N-Methvl-N-((1-iso quinolinyl)- 
meth vl) amino)carbonvl)valinvl)amino)-5-(N-((3-pyridinvl)- 
methoxvcarbonvl) amino)-1.6-diphenyl- 3 -hydroxvhexane. 
Using the procedure of Example 37C but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 72C provided, after silica gel chromatography 
using a gradient of 2-3.5% methanol in chloroform, 69 mg 
(67%) of the desired compound (Rf 0.41, 10% methanol in 
chloroform) as a white solid. Mass spectrum: (M + 1) + = 

717 . 


Example 74 

(2S,3S,5S)~2~(N ~(N-((N-Met hyl-N-((2-benzimidazolyl)- 
methvl) amino)carbonvl)valinyl)amino) - 5-(N-((3-pyridinyl)- 

m ethoxvcarbonvl) amino) -1. 6-diphen y l-3-hydroxyhexane. 

Using the procedure of Example 45E but replacing the 
resultant compound of Example 45D with the resultant compound 
of Example 69C provided, after silica gel chromatography 
using first 2.5% then 4.5% methanol in chloroform, 74 mg 
(62%) of the desired compound (Rf 0.27, 10% methanol in 
chloroform) as a off-white solid, m.p. 110-114°C. Mass 
spectrum: (M + 1) + = 706. 

Example 75 

2L-L(2-Thiazolvl)methyl)-(4-nitr ophenyl)carbonate. 

A solution 2.3 g (11.5 mmol) of (4-nitrophenyl)- 
chloroformate in 20 ml of dichloromethane was cooled to 0°C 
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and treated sequentially with a solution of 1.2 g (10.4 mmol) 
of 2-(hydroxymethyl)thiazole (Dondoni, et. al.. Synthesis, 
1987, 998; Tetrahedron Lett. 1983, 24, 2901) in 5 ml of 
dichloromethane and 1.7 ml (15.7 mmol) of 4-methylmorpholine. 
After addition, the solution was allowed to come to ambient 
temperature, stirred for 0.5 h, and concentrated in vacuo. 
Silica gel chromatography of the residue using first 
chloroform then 1% methanol in chloroform provided 1.15 g 
(39%) of the desired compound (Rf 0.73, 10% methanol in 
chloroform). 

2-*- (2S> 3Si 5S) ~2.5-Bis - (N- ( (2-thiazoly l ) methoxvcarbonyl) - 

amino) -1.6-diohenvl-3 -hydroxyhexane. 

A solution of 130 mg (0.46 mmol) of the resultant 
compound of Example 75A and 60 mg (0.21 mmol) of the 
resultant compound of Example IE in 0.5 ml of tetrahydrofuran 
was stirred at ambient temperature for 16 h. The resulting 
solution was concentrated in vacuo, and the residue was 
purified by silica gel chromatography using first 2% then 4% 
methanol in chloroform to provide 99 mg (83%) of the desired 
compound (Rf 0.73, 10% methanol in chloroform) as a white 
solid, m.p. 66-69°C. Mass spectrum: (M + 1) + = 567. 

Anal. Calcd for C 28 H 36 N 4 O 5 S 2 • 0.5H 2 0: C, 58.42; H, 5.43; 

N, 9.73. Found: C, 58.23; H, 5.20; N, 9.61. 

Example 76 

(2S, 3Rr , 4Ri 5S) -2.5-Bis- (N- ( (3-Pvridin yl)methoxy- . 
g arkonvl) amino) -3.4-dihvdroxy-l.6-d i phenylhexane. 

Using the procedure of Example 75B but replacing the 
resultant compound of Example 75A with the resultant compound 
of Example 37A and replacing the resultant compound of 
Example IE with the resultant compound of Example 4A 
provided, after silica gel chromatography using first 2% then 
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3.5% methanol in chloroform, 280 mg of the desired compound 
(Rf 0.25, 10% methanol in chloroform) as a white solid, m.p. 
191-193°C. Mass spectrum: (M + 1) + = 571. 

Anal. Calcd for C 32 H 34 N 4 O 6 : C, 67.35; H, 6.01; N, 9.82. 
Found: C, 67.11; H, 6.01; N, 9.64. 

Example 77 

12S.3R.4S.5S) -2. 5-Bis- (N- (( 3 -pyridinvl)methoxy- 
g arbonvl) amino)-3. 4-dihvdroxY - l. 6-diphenylhexane, 

Using the procedure of Example 75B but replacing the 
resultant compound of Example 75A with the resultant compound 
of Example 37A and replacing the resultant compound of 
Example IE with the resultant compound of Example 13D 
provided, after silica gel chromatography using first 2% then 
3% methanol in chloroform, 110 mg of the desired compound (Rf 
0.42, 10% methanol in chloroform) as a white solid, m.p. 180- 
186°C. Mass spectrum: (M + 1) + = 571. 

Example 78 

h, - ( (4-Th i a zo l v l )meth vl ) -(4-nitrophenyl)carbonate. 

Using the procedure of Example 75A but replacing 2- 
(hydroxymethyl)thiazole with 4-(hydroxymethyl)thiazole 
(Kollonitsch, U.S. patent 3,299,083) provided, after silica 
gel chromatography using first chloroform then 1% methanol in 
chloroform, 380 mg (31%) of the desired compound (Rf 0.70, 

10% methanol in chloroform). 

- L2 S. 3S. 5S) -2.5-Bis- (N- ( (4-thiazolyl) methoxycarbonyl) - 

amino)-1 ,6-diphenyl-3-h ydroxyhexane. 

Using the procedure of Example 75B but replacing the 
resultant compound of Example 75A with the resultant compound 
of Example 78A provided, after silica gel chromatography 
using first 2% then 4% methanol in chloroform, 98.6 mg (83%) 
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of the desired compound (Rf 0.43, 10% methanol in chloroform) 
as a white solid, m.p. 64-66°C. Mass spectrum: (M + 1) + = 
567 . 

Anal. Calcd for C 28 H 36 N 4 O 5 S 2 • 0.5H 2 0: C, 58.42; H, 5.43; 
N, 9.73. Found: C, 58.45; H, 5.24; N, 9.61. 

Example 79 

£l. - ( (2-Methvl-5-thiazQlvl)methvl) - (4-nit r ophenyl) carbonate . 

Using the procedure of Example 75A but replacing 2- 
(hydroxymethyl)thiazole with 2-methyl-5-(hydroxymethyl)- 
thiazole (Mashraqui and Keehn, J. Am. Chem. Soc. 1982, 104, 
4461) provided, after silica gel chromatography using 6% 
ethyl acetate in chloroform, 243 mg (65%) of the desired 
compound (Rf 0.25, 10% methanol in chloroform). 

ILn -12S. 3S. 5S) -2.5-Bis- (N- ( (2-m ethyl-5-thiazolyl) - 

mgthoxvcarbonvl)amino)-1.6 -diphenYl-3-hydroxvhexane. 

Using the procedure of Example 75B but replacing the 
resultant compound of Example 75A with the resultant compound 
of Example 79A provided, after silica gel chromatography 
using first 2% then 3% methanol in chloroform, 49 mg (29%) of 
the desired compound (R f 0.5, 10% methanol in chloroform). 
Mass spectrum: (M + 1) + = 595. 

Example 80 

hu, -5- (Carbethoxy) t hiazole . 

According to the procedure of Mashraqui and Keehn (J. 

Am. Chem. Soc. 1982, 104, 4461), ethyl a-chloro-a- 
formylacetate was condensed with thioformamide and vacuum 
distilled to provide 5.65 g (33%) of the desired compound. 


-5-(Hvdroxvmethvl)thiazole 
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According to the procedure of Mashraqui and Keehn (J. 

Am. Chem. Soc. 1982, 104, 4461), 5-(carbethoxy)thiazole was 
reduced with lithium aluminum hydride to provide the crude 
desired compound in 44% yield. 

-f (5-Thiazolvl)methyl) - (4-nitrophenyl) carbonate . 

Using the procedure of Example 75A but replacing 2- 
(hydroxymethyl)thiazole with 5-(hydroxymethyl)thiazole and 
allowing the reaction to proceed at ambient temperature for 2 
days provided, after silica gel chromatography using 6% 
ethyl acetate in chloroform, 1.1 g (71%) of the desired 
compound (Rf 0.22, 6% ethyl acetate in chloroform). Mass 
spectrum: (M + 1) + = 281. 

- L2S ,3S,5S)-2.5-Bis-(N-((5-thi azolyl)methoxycarbonyl)- 

amino)-1.6-diphenYl-3-h ydroxyhexane. 

Using the procedure of Example 75B but replacing the 
resultant compound of Example 75A with the resultant compound 
of Example 80C provided, after silica gel chromatography 
using first 2% then 3% methanol in chloroform, 145 mg (7-3%) 
of the desired compound (Rf 0.56, 10% methanol in 
chloroform). Mass spectrum: (M + 1) + = 567. 

Example 81 

iL-M r((4-Methvlpjperazin-l-yl)carbonyl)va line Methyl Ester. 

Using the procedure of Example 4IB but replacing the 
resultant compound of Example 41A with 1-methylpiperazine 
provided, after silica gel chromatography using first 5% then 
7.5% methanol in chloroform, 1.40 g (100%) of the desired 
compound (Rf 0.14, 5% methanol in chloroform). Mass 
spectrum: (M + 1) + = 258. 


- N- ( (4-Methy l piperazin-l-yl) carbonyl) valine 
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Using the procedure of Example 41C but replacing the 
resultant compound of Example 4 IB with the resultant compound 
of Example 81A provided the desired compound. 

CL- L2 S, 3R,4S.5S)~5~(N-(N~((4-Methvlpiperazin-l-yl )carbonyl)- 

valinvl)amino)-2-(N-(((t-buty l)oxy)-carbonyl)amino)-3.4- 
dihvdroxv-1.6-diohenvlhexane. 

To a solution of 70 mg (0.175 mmol) of the resultant 
compound of Example 62A, 0.21 mmol of the resultant compound 
of Example 81B, 35 mg (0.26 mmol) of 1-hydroxybenzotriazole 
monohydrate and 38 ^IL (0.35 mmol) of 4-methylmorpholine in 1 
ml of tetrahydrofuran was added 50 mg (0.26 mmol) of ethyl- 
(3-dimethylaminopropyl)-carbodiimide. The resulting solution 
was stirred for 16 h at ambient temperature, diluted with 5% 
methanol in chloroform, washed with saturated aqueous NaHCC >3 
and saturated brine, dried over Na 2 S 04 , and concentrated in 
vacuo. Silica gel chromatography using sequentially 3%, 6% 
and 10% methanol in chloroform provided 82 mg (75%) of the 
desired compound (Rf 0.18, 10% methanol in chloroform). Mass 
spectrum: (M + H) + = 626. 

Anal. Calcd for C34H 5 iN 5 06*0.5H 2 0: C, 64.33; H, 8.26; N, 
11.03. Found: C, 64.05; H, 8.07; N, 11.07. 

Example 82 

iL.- (2S, 3S, 4S. 5S) -5-Amino-2- (N- (N- ( (2-p y ridinyl)methoxy- 

. carbonvl) valinvl) amino) -3.4-dih y droxy-l, 6-diphenylhexane . 

Using the procedure of Example 47A but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 2D and replacing the resultant compound of Example 
13D with the resultant compound of Example 11C provided, 
after silica gel chromatography using first 5% then 10% 
methanol in chloroform, 340 mg (38%) of the desired compound 
(Rf 0.20, 10% methanol in chloroform). 
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E-.- (2S,3S,4S,5S)~ 2 ~ (N - (N- (( 2 - Pvridinyl) methoxy- 

carbony l )va li nvl)amino)-5-(N-( (3-pyr idiny] \ methoxy- 
c arbonv l )amino) -3.4-dihvdrox y-l.6-djphenylhexane. 

Using the procedure of Example 47B but replacing the 
resultant compound of Example 47A with the resultant compound 
of Example 82A provided, after silica gel chromatography 
using first 2% then 4% methanol in chloroform, 86.7 mg (69%) 
of the desired compound as a white solid, m.p. 84-85°C. Mass 
spectrum: (M + 1) + = 670. 

Anal. Calcd for C 37 H 4 3 N 5 06 -1.0H 2 O: C, 64.61; H, 6.59; N, 
10.18. Found: C, 64.46; H, 6.22; N, 10.04. 

Example 83 

(2S,3S,4S,5S)~2,5 -B i s-(N-(( 3-Pvridinyl)methoxy- 
g arbonv l )am i n o)-3,4-d i hvd roxv-l.6-djphenvlhexane. 

Using the procedure of Example 75B but replacing the 
resultant compound of Example 75A with the resultant compound 
Of Example 37A and replacing the resultant compound of 
Example IE with the resultant compound of Example 11C 
provided, after silica gel chromatography using first 2 % then 
5% methanol in chloroform, 98.6 mg (74%) of the desired 
compound (Rf 0.45, 10% methanol in chloroform) as a white 
solid, m.p. 80-82°C. Mass spectrum: (M + 1) + = 571. 

Anal. Calcd for C 32 H 34 N 4 O 6 ■ 0.5H 2 0: C, 66.31; H, 6.08; N, 
9.67. Found: C, 66.09; H, 5.95; N, 9.53. 

Example 84 

A-- (2S,3R,4S,5S)-Amino-2-(N-(N-(((benzyl)ox y )carbonyl)- 

va li nv l )amino)-3,4-dihydroxy-l. 6 -diphenvlhexane. 

Using the procedure of Example 47A but replacing the 
resultant compound of Example 3F with Cbz-valine p- 
nitrophenyl ester provided the desired compound. 
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B-- ( 2 S,3R,4S,5S)~5~ (N- (N- ((4-Met h ylpiperazin-l-yl)- 

carbonvl)valinvl)amino)-2 -(N-(n- (( (benzvl)oxv)carbonyl)- 
x a . linvl) amino) -3.4-dihydroxy - l, 6-diphenylhexane . 

Using the procedure of Example 81C but replacing the 
resultant compound of Example 62A with the resultant compound 
of Example 84A provided, after silica gel chromatography 
using first 5% then 10% methanol in chloroform, 96.3 mg (71%) 
of the desired compound (Rf 0.11, 10% methanol in chloroform) 
as a white solid, m.p. 216-219°C. Mass spectrum: (M + 1) + = 

759. 


Examp Ip 85 

I 2S, 3Rr4R,5S) -2,5-Bis-(N-(N- ( (N-m e thyl-N-((4-thiazolyl)- 
meth yl) amino)carbonvl)valinyl)amino)-3.4-dihvdroxv-l.6- 

diohenylhexane. 

A solution of 75 mg (0.25 mmol) of the resultant 
compound of Example 43B and 0.75 mmol of the resultant 
compound of Example 4A in 1 ml of tetrahydrofuran was stirred 
at ambient temperature for 54 h. The resulting solution was 
concentrated in vacuo. Silica gel chromatography of the 
residue using first 2% then 5% methanol in chloroform, 
provided 182 mg (91%) of the desired compound (Rf 0.33, 10% 
methanol in chloroform) as a white solid, m.p. 92-94°C. Mass 
spectrum: (M + 1) + = 807. 

Anal. Calcd for C 40 H 54 N 8 O 6 S 2 -H 2 O: C, 58.23; H, 6.84; N, 
13.58. Found: C, 57.87; H, 6.49; N, 13.40. 



Example 86 

(2S«3S»4S»5S)~2, 5-Bls- (N-(N-((N-methvl-N- ( ( 4-thiazoly1)- 
methy l )am i no) carbonyl)valinyl)ami n o)-3.4-dihydroxy-l.6- 

diphenylhexane. 

Using the procedure of Example 3G but replacing the 
resultant compound of Example IE with the resultant compound 
of Example 11C and replacing the resultant compound of 
Example 3F with the resultant compound of Example 43B 
provided, after silica gel chromatography using first 2% then 
5% methanol in chloroform, 179 mg (89%) of the desired 
compound (Rf 0.35, 10% methanol in chloroform) as a white 
solid, m.p. 94-95°C. Mass spectrum: (M + 1) + = 807. 

Anal. Calcd for C 40 H 54 N 8 O 6 S 2 ■ 0.5H 2 0: C, 58.87; H, 6.79; 
N, 13.73. Found: C, 58.69; H, 6.52; N, 13.66. 

Example 87 

X2S,3R,4S,5S)-2. 5-Bis-(N-(N-((N -methyl-N- ( (4-thiazolvl)- 
methyl)amino) carbonvl)valinvl ) amino)-3.4-dihvdroxv-l.6- 

diphenvlhexane. 

Using the procedure of Example 85 but replacing the 
resultant compound of Example 4A with the resultant compound 
of Example 13D provided, after silica gel chromatography 
using first 2% then 5% methanol in chloroform, 169 mg (85%) 
of the desired compound (Rf 0.31, 10% methanol in chloroform) 
as a white solid, m.p. 165-167°C. Mass spectrum: (M + 1) + = 
807. 

Anal. Calcd for C 40 H 54 N 8 O 6 S 2 • 0.5H 2 0: C, 58.87; H, 6.79; 

N, 13.73. Found: C, 58.61; H, 6.57; N, 13.57. 
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Example 88 

12S.3S« 5S)-2.5-Bis-(N-(N- ( (N-methyl-N- ( M -thiazolyl)- 

methyl) amino)carbonvl)valinvl)amino)-1,6-dipheny1-3- 

hvdroxyhexanp. 

Using the procedure of Example 85 but replacing the 
resultant compound of Example 4A with the resultant compound 
of Example IE provided, after silica gel chromatography using 
first 2% then 5% methanol in chloroform, 151 mg (77%) of the 
desired compound (Rf 0.31, 10% methanol in chloroform) as a 
white solid, m.p. 154-156°C. Mass spectrum: (M + 1) + = 791. 

Anal. Calcd for C 40 H 54 N 8 O 5 S 2 ■ 0.25H 2 0: C, 60.39; H, 6.90; 
N, 14.09. Found: 60.30; H, 6.74; N, 13.96. 

Example 89 

A.-L2S, 3S.4S.5S)-5-Amin o-2-(N-(N-((N-methyl-N -( (2- 

pyr i d l nv l ) methy l )amino) carbonvl)valinvl) amino)-3.4-dihydroxy- 

1,6-diphenylhexane. 

Using the procedure of Example 47A but replacing the 
resultant compound of Example 13D with the resultant compound 
of Example 11C provided, after silica gel chromatography 
using first 5% then 10% methanol in chloroform, 282 mg (40%) 
of the desired compound (R f 0.14, 10% methanol in 
chloroform). 

Ru -(2S,3S,4S.5S)-5-(N-(N-((N-M ethvl-N- ( (4-thiazolyl)- 

methyl)a mino)caxbonvl)valinvl)amino)-2-(N-(N-((N-methyl-N- 
((2-Pvridinvl)methvl)amino)carb o nyl)valinyl)amino)-3.4- 
dihvdroxv-1.6-diphenvlhexane. 

Using the procedure of Example 38 but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 43B and replacing (2S,3S,5S)-5-amino-2-(N-( (3- 
pyridinyl)methoxycarbonyl)amino)-1,6-diphenyl-3-hydroxyhexane 
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with the resultant compound of Example 89A provided, after 
silica gel chromatography using first 1.5% then 3% then 5% 
methanol in chloroform, 73 mg (83%) of the desired compound 
(Rf 0.37, 10% methanol in chloroform) as a white solid, m.p. 
84-88°C. Mass spectrum: (M + 1) + = 801. 

Anal. Calcd for C 42 H 56 N 8 O 6 S • 0. 5 H 2 O: C, 62.28; H, 7.09; 

N, 13.83. Found: C, 62.03; H, 6.89; N, 13.64. 

Example 90 

(2S.3S.4S.5S)-2- (N -(N-((N-Methyl-N- ( (2-pyridinyl )methyl)- 
amino)carbonyl)valinyl)amino) -5- (N-(N-((N-methyl-N-((3- 
pyridinyl)methyl)amino)carbonyl)valinyl)amino)-3.4-dihydroxy- 

1.6-diphenylhexane. 

Using the procedure of Example 38 but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 24F and replacing (2S,3S,5S)-5-amino-2-(N-((3- 
pyridinyl)methoxycarbonyl)amino)-1,6-diphenyl-3-hydroxyhexane 
with the resultant compound of Example 89A provided, after 
silica gel chromatography sequentially 2%, 4% and 6% methanol 
in chloroform, 64 mg (73%) of the desired compound (Rf 0.25, 
10% methanol in chloroform) as a white solid, m.p. 92-94°C. 
Mass spectrum: (M + 1) + = 795. 

Example 91 

(2S,.3S. 4S. 5S) -2- (N- (N- ( (N-Methyl-N- ( (2-pyridinyl) methyl) - 
amino)carbonyl)valinyl)amino)-5-(N-(N-((4-methyl-piperazin-l- 
vl)carbonvl)valinyl)amino)-3. 4-dihydr oxy-l.6-diphenylhexane. 

Using the procedure of Example 81C but replacing the 
resultant compound of Example 62A with the resultant compound 
of Example 89A provided, after silica gel chromatography 
using sequentially 5% and 10% methanol in chloroform, 65 mg 
(62%) of the desired compound (Rf 0.15, 10% methanol in 
chloroform). Mass spectrum: (M + 1) + = 773. 
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Example 92 

12Si.3.S.i 4S, 5S) -2_, 5-Bis- (N- (N- ( (N-methvl-N- ( (2- ( ( ( (t.- 
butvl)oxv) carbonvl)amino)-4 -thiazolvl)methyl)amino)- 
g ar^onv l ) valin vl) amino) -3.4-dihy d roxy-l. 6-diphenvlhexane. 

To a solution of 70 mg (0.23 mmol) of the resultant 
compound of Example 11C, 0.52 mmol of the resultant compound 
of Example 45D, 94 mg (0.69 mmol) of 1-hydrox.ybenzotriazole 
monohydrate and 50 |1L (0.46 mmol) of 4-methylmorpholine in 1 
ml of dimethylformamide was added 130 mg (0.69 mmol) of 
ethyl-(3-dimethylaminopropyl)-carbodiimide. The resulting 
solution was stirred for 16 h at ambient temperature, diluted 
with ethyl acetate, washed with saturated aqueous NaHC 03 , 
dried over Na 2 S 04 , and concentrated in vacuo. Silica gel 
chromatography using sequentially 2% and 5% methanol in 
chloroform provided 210 mg (88%) of the desired compound (Rf 
0.57, 10% methanol in chloroform) as a white solid, m.p. 143- 
145°C. Mass spectrum: (M + 1) + = 1037. 

Example 93 

12 S,3R. 4S, 5S) -2.5-Bis- (N- (N- ( (N -methyl-N- M2 -HI (t- 
butv l ) qxv) carbonvl)amino)-4-thiazo lyl)methYl)amino) - 
carbony l )va l invl) amino)-3.4-dihydroxy- l.6-diphenylhexane. 
Using the procedure of Example 92 but replacing the 
resultant compound of Example 11C with the resultant compound 
of Example 13D provided, after silica gel chromatography 
using 2% methanol in chloroform, 188 mg (80%) of the desired 
compound (Rf 0.5, 10% methanol in chloroform) as a white 
solid, m.p. 138-140°C. Mass spectrum: (M + 1) + =1037. 



Example 94 

I2S.3S.5S)-2.5-Bis-(N-(N-(m- methvl-N-<(2-(( ((t- 
buty l ) qxy) uarbonvl) amino) -4-thiazolvl) me t hvl) aminoi - 
garbonY l ) va li nvl) amino)-1.6-diphen y l-3-hydroxyhexane. 
Using the procedure of Example 92 but replacing the 
resultant compound of Example 11C with the resultant compound 
of Example IE provided, after silica gel chromatography using 
2% methanol in chloroform, 102 mg (43%) of the desired 
compound (Rf 0.57, 10% methanol in chloroform) as a white 
solid, m.p. 115-120°C. Mass spectrum: (M + 1) + = 1021. 

Example 95 

.12 S» 3S. 4S, 5S) -2.5-Bis - (N- (N- ( (N- m ethyl-N- ( (2-amino-4- 
th i a z Q l vl)methvl)amino)carbonvl) valinyl)amino)-3.4-dihvdroxy- 

1.6-diPhenvlhexane. 

Using the procedure of Example 58B but replacing the 
resultant compound of Example 58A with the resultant compound 
of Example 92 provided, after silica gel chromatography using 
first 5% then 10% methanol in chloroform, 62 mg (43%) of the 
desired compound (R f 0.16, 10% methanol in chloroform) as an 
off-white solid, m.p. 122-124°C. Mass spectrum: (M + 1) + = 
837 . 


Example 96 

J2S,3R.4S. 5S) -2.5-Bis-(N-(N- ( (N-methvl-N- ( t2-amino-4- 
th i a z Qly l )methvl) amino)carbonylW a linyl)amino)-3.4-dihvdroxy- 

1,6-diphenylhexane. 

Using the procedure of Example 58B but replacing the 
resultant compound of Example 58A with the resultant compound 
of Example 93 provided, after silica gel chromatography using 
first 5% then 10% methanol in chloroform followed by 2% 
isopropylamine/10% methanol in chloroform, 53 mg (38%) of the 
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desired compound (Rf 0.15, 10% methanol in chloroform) as a 
white solid, m.p. 130-134°C. Mass spectrum: (M + 1) + = 837. 

Anal. Calcd for C 40 H 56 N 10 O 6 S 2 • 2H 2 0: C, 55.03/ H, 6.93; N, 
16.04. Found: C, 54.74; H, 6.56; N, 15.57. 

Example 97 

(2S.3S.5S)-2,5-Bis-(N-(N-((N-methyl-N-((2-amino-4- 
thiazolvl)methvl)amino)carbony l)valinyl)amino)-1.6-diphenyl- 

3-hyd roxyhexane. 

Using the procedure of Example 58B but replacing the 
resultant compound of Example 58A with the resultant compound 
of Example 94 provided, after silica gel chromatography using 
first 5% then 10% methanol in chloroform, 52 mg (72%) of the 
desired compound (Rf 0.18, 10% methanol in chloroform) as a 
white solid, m.p. 110-114°C. Mass spectrum: (M + 1) + = 821. 

Example 98 

(2S,3S,4S,5S)-2-(N-(N-((N-Methyl -N-((2-pyridinyl)methyl)- 
amino) carbonvl)valinvl)amino)- 5 -(N-(N-((N-methyl-N-((2- 
thiazolvl) methvl)amino)carb onyl)valinyl)amino)-3.4-dihydroxy- 

1.6-diphenylhexane. 

Using the procedure of Example 38 but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 41D and replacing (2S,3S,5S)-5-amino-2-(N-((3- 
pyridinyl)methoxycarbonyl)amino)-1,6-diphenyl-3-hydroxyhexane 
with the resultant compound of Example 89A provided, after 
silica gel chromatography using first 2% then 5% methanol in 
chloroform, 68 mg (78%) of the desired compound (Rf 0.34, 10% 
methanol in chloroform) as a white solid, m.p. 96-97°C. Mass 
spectrum: (M + 1) + = 801. 

Anal. Calcd for C 42 H 56 N 8 O 6 S•0.5H 2 0: C, 62.28; H, 7.09; 

N, 13.83. Found: C, 62.35; H, 6.98; N, 13.67. 
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Example 99 

A-- t2S.3S,4S.5S)-2-Amino-5-(N-(N-( (N-methyl-N-( (4- 

thiazolvl)methyl) amino)carbonyl)valinyl)amino) -3.4-riihydroxy- 

1.6- diphenylhexane. 

Using the procedure of Example 47A but replacing the 
resultant compound of Example 13D with the resultant compound 
of Example 11C and replacing the resultant compound of 
Example 3F with the resultant compound of Example 43B 
provided, after silica gel chromatography using first 2% then ' 
10% methanol in chloroform, 113 mg (32%) of the desired 
compound (Rf 0.21, 10% methanol in chloroform). Mass 
spectrum: (M + 1) + = 669. 

B-.- (2S.3S.4S.5S)-2-.(N-(N-( (N-Methvl-N- ( ( 2-t ( ( (t- 

hutvl)oxv) carbonyl)amino) -4-thiazolyl)methyl)amino)- 
carbonvl) valinvl)amino)- 5-(N-(N-((N-methyl-N-((4- 
thi a z o l v l ) methv l )amin o ) carbonvl)valinyl)amino)-3.4-dihvdroxy- 

1 .6- diohenvlhexane. 

Using the procedure of Example 45E but replacing 
(2S,3S,5S)-2-amino-5-(N-((3-pyridinyl)methoxycarbonyl)- 
amino)-1,6-diphenyl-3-hydroxyhexane with the resultant 
compound of Example 99A provided the crude desired compound 
(Rf 0.71, 10% methanol in chloroform). 

-(2S.3S.4S.5S)-2- (N- (N- ( (N-M ethyl-N- ( (2-amino-4- 

thiazolvl)methvl) amino)carbonyl )valinyl)amino) -5-(N-(N- ( (N- 
methy l -N-((4-th i a z o l v l ) methy l)amino)carbonyl)valinyl)-amino)- 
3.x..4-dihvdroxv-l . 6-diphen ylhexane. 

Using the procedure of Example 58B but replacing the 
resultant compound of Example 58A with the resultant compound 
of Example 99B provided, after silica gel chromatography 
using sequentially 2%, 4% and 6% methanol in chloroform, 61 
mg (58%) of the desired compound (Rf 0.24, 10% methanol in 
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chloroform) as a white solid, m.p. 118-120°C. Mass spectrum: 
(M + l)+ = 822. 


Example 100 

X2S,3R ,4Rf 5S)-2,5-Bis-(N-(N- ( (N-methyl-N- ((2- 
bfinzimidaz olvl) methvllamino)carbonyl)valinyl)amino)-3.4- 
dihydroxy-1.6 -diphenylhexane. 

Using the procedure of Example 85 but replacing the 
resultant compound of Example 43B with the resultant compound 
of Example 69D provided, after silica gel chromatography 
using 10% methanol in chloroform, 78 mg (40%) of the desired 
compound (Rf 0.18, 10% methanol in chloroform). Mass 
spectrum: (M + 1) + = 873. 

Example 101 

12 S,3S,4Sf5S)-2,5-Bis-(N-(N-((N-methyl-N-((2- 
fcfinzimidazolvl) methvl)amino)carbonyl )valinyl)amino)-3.4- 
dihvdroxv-1.6-diph enylhexane. 

Using the procedure of Example 85 but replacing the 
resultant compound of Example 43B with the resultant compound 
of Example 69D and replacing the resultant compound of 
Example 4A with the resultant compound of Example 11C 
provided, after silica gel chromatography using 10% methanol 
in chloroform, 100 mg (50%) of the desired compound (Rf 0.15, 
10% methanol in chloroform) as a white solid, m.p. 107-109°C. 
Mass spectrum: (M + 1) + = 

873. 


Example 102 

(2S.3R.4S.5S)-2.5-Bis-(N - (N-((N-methyl-N- ( 12- 
ben zi m i dazolvl) methvl)amino)c a rbonyl)valinyl)amino)-3.4- 
dlhvdroxv-1.6-diohenylhexane. 
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Using the procedure of Example 85 but replacing the 
resultant compound of Example 43B with the resultant compound 
of Example 69D a'nd replacing the resultant compound of 
Example 4A with the resultant compound of Example 13D 
provided, after silica gel chromatography using 10% methanol 
in chloroform, 100 mg (50%) of the desired compound (Rf 0.22, 
10% methanol in chloroform) as a white solid, m.p. 145-146°C. 
Mass spectrum: (M + 1) + = 873. 

Example 103 

(2S.3S.5S)-2.5-Bis-(N-(N -((N-methyl-N- ((2- 
kfinzimidaz olvl) methvl)amino)carbonvl)valinyl)amino)-1.6- 

diphenvl-3-hydrox yhexane. 

Using the procedure of Example 85 but replacing the 
resultant compound of Example 43B with the resultant compound 
of Example 69D and replacing the resultant compound of 
Example 4A with the resultant compound of Example IE 
provided, after silica gel chromatography using 6% methanol 
in chloroform, 130 mg (61%) of the desired compound (Rf 0.28, 
10% methanol in chloroform) as a white solid, m.p. 150-152°C. 
Mass spectrum: (M + 1) + = 857. 

Example 104 

(2S.3R,4S.5S)-2.5-Bis-(N-(N- ((4 -m e thyl-piperazin-1- 
y l )carbony l )val i nv l )amino) -3. 4-dihvdroxy-l.6-diphenylhexane. 

Using the procedure of Example 92 but replacing the 
resultant compound of Example 11C with the resultant compound 
of Example 13D and replacing the resultant compound of 
Example 45D with the resultant compound of Example 81B 
provided, after silica gel chromatography using 10% methanol 
in chloroform followed by 2% isopropylamine/2 % methanol in 
chloroform, 74 mg (42%) of the desired compound (Rf 0.25, 2% 
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isopropylamine/5% methanol in chloroform). Mass spectrum: 
(M + 1)+ = 751. 


Example 105 

12S . 3S,4S.5S)-2-(N-(N-((N-Methyl-N- l M-thiazolvl)- 
methyl)am ino)carbonyl)valinyl)amino)-5-m-(N-(M-methyl - 
Piperazin-l-vl)carbonyl)valinyl)ami no)-3.4-dihvdroxy-l.6- 

diphenylhexane. 

Using the procedure of Example 81C but replacing the 
resultant compound of Example 62A with the resultant compound 
of Example 99A provided, after silica gel chromatography 
using sequentially 2%, 4% and 6% methanol in chloroform, 68 
mg (69%) of the desired compound (Rf 0.24, 10% methanol in 
chloroform). Mass spectrum: (M + 1) + = 779. 

Example 106 

( 2 S,3R,4S.5S)-2-(N-(N-((N-Met h yl-N-((2-pyridinyl)methyl)- 
amin o)carbonyl)valinvl)amino)-5-(N-rn-((N-methyl-N- (<2- 
t h i a z o l yl)methyl)amino)carbony l )valinyl)amino)-3.4-dihydroxy- 

1.6-diphenvlhexane. 

Using the procedure of Example 38 but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 41D and replacing (2S-, 3S, 5S) -5-amino-2- (N- ( (3- 
pyridinyl)methoxycarbonyl)amino)-1,6-diphenyl-3-hydroxyhexane 
with the resultant compound of Example 47A provided, after 
silica gel chromatography using sequentially 2%, 3.5% and 4% 
methanol in chloroform, 87 mg (85%) of the desired compound 
(Rf 0.33, 10% methanol in chloroform) as a white solid, m.p. 

174-176°C. Mass spectrum: (M + 1) + = 801. 

Anal. Calcd for C 42 H 56 N 8 O 6 S: C, 62.98; H, 7.05; N, 

13.99. Found: C, 62.59; H, 6.99; N, 13.83. 
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Example 107 

A- - L2 S. 3S. 4S.-5S) -2- (N- (N- ( (N-Methvl-N- ( (2-((( (t- 

kutyl) oxy) carbonvl )amino) -4-thiazolvl) methvl) amino) - 
carbonyl ) valinyl) amino) -5- (N- (N- ( (N-methvI —N— ( <?- 
B Yr i d i ny l )methvl)amino)carbonvl) valinvl)amino)-3.4-dlhvdroxy- 

l«.6-diphenylhexane. 

Using the procedure of Example 45E but replacing 
(2S,3S,5S)-2-amino-5-(N-((3-pyridinyl)methoxycarbonyl)- 
amino)-1,6-diphenyl-3-hydroxyhexane with the resultant 
compound of Example 89A provided the desired compound (Rf 
0.65, 10% methanol in chloroform). 


£-■- L2S , 3S, 4S. 5S) -2- (N- (N- ( (N-Methvl-N- ( (2-amino-4- 

th i a z olvl) methvl) amino) carbon v l) valinvl) amino) -5- (N- m- ( m- 
methyl-N-((2-pvrid inv l ) methv l ) amino)carbonvl)-valinvl)amino)- 
3^-4-dihvdroxv-l. 6-diph envlhexane. 

Using the procedure of Example 58B but replacing the 
resultant compound of Example 58A with the resultant compound 
of Example 107A provided,.after silica gel chromatography 
using sequentially 3%, 5% and 7% methanol in chloroform, 53 
mg (35%) of the desired compound (Rf 0.21, 10% methanol in 
chloroform) as a white solid, m.p. 97-99°C. 

Anal. Calcd for C42H57N90 6 S-H 2 0: C, 60.48; H, 7.13; N, 
15.11. Found: C, 60.25; H, 6.85; N, 14.84. 

Example 108 

A-- (2S. 3S, 4S. 5S) -2-Amino-5- (N - (N- ( UST-methy 1-N- ( (2- 

th i a z o l y l )methvl)am i no) carbo nvl)valinyl)amino)-3.4-dihydroxy- 

1. 6-diohenvlhexane. 

Using the procedure of Example 47A but replacing the 
resultant compound of Example 13D with the resultant compound 
of Example 11C and replacing the resultant compound of 
Example 3F with the resultant compound of Example 4ID 
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provided, after silica gel chromatography using first 5% then 
10% methanol in chloroform, 248 mg (54%) of the desired 
compound (R f 0.20, 10% methanol in chloroform). 

- 12 S, 3 S,4S,5S)-2- (N-(N-((N-Methvl-N- ( (2-((((t- 

buty l ) qxv) carbonvl)amino)-4-thiazoly l )methyl)amino)- 
gaxbon yl)valinvl)amino) -5- (N-(N- ((N-methyl -N -( (7- 
th i azo l y l )methyl)amino)carbonyl)va l inyl)amino)-3.4-dihydroxy- 

1 , 6-diohenvlhexane. 

Using the procedure of Example 45E but replacing 
(2S,3S,5S)-2-amino-5- (N- ((3-pyridinyl)methoxycarbonyl) — 
amino)-1,6-diphenyl-3-hydroxyhexane with the resultant 
compound of Example 108A provided the desired compound (Rf 
0.60, 10% methanol in chloroform). 

-L25. 3S.4S,5S)-2- (N-(N-((N-M ethyl-N- ((2-amino-4- 

t h i a z olvl)methvl)amino)carbon y l)valinyl)amino)-5- (N- (N -( (N- 
m. ethy l -N- ( (2-thiazolvl) methvl) amino) c a rbonyl) valinyl) -amino) - 
JL..4-dihvdroxv-l. 6-diph enylhexane. • 

Using the procedure of Example 58B but replacing the 
resultant compound of Example 58A with the resultant compound 
of Example 108B provided, after silica gel chromatography 
using sequentially 3%, 5% and 7% methanol in chloroform, 69 
mg (60%) of the desired compound (Rf 0.18, 10% methanol in 
chloroform) as a white solid, m.p. 108-111°C. Mass spectrum: 
(M + 1)+ = 822. 

Anal. Calcd for C 4 oH 55 N 90 6 S 2 * 1.5H 2 0: C, 56.58; H, 6.88; 

N, 14.85. Found: C, 56.66; H, 6.51; N, 14.62. 

Example 109 

ZL.-(2S, 3R. 4S. 5S) -2-Amino-5- (N - (N- ( (N-methyl-N- ( (2- 

pyc i d i nvl)meth v l )am i no)c a r bonyl)valinyl)amino)-3.4-dihydroxy- 

1,6-diphenylhexane. 
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Using the procedure of Example 58B but replacing the 
resultant compound of Example 58A with the resultant compound 
of Example 62B provided, after silica gel chromatography 
using first 5% then 10% methanol in chloroform, a 67% yield 
of the desired compound (Rf 0.23, 10% methanol in 
chloroform). 

- £2S,3R.4S.5S)-2-(N-(N-((N-Methvl-N- ( f2-thiazolyl)- 

met hvl)amino)carbonvl)valinyl)amino)-5- (N- (N- ( (N-methyl-N- 
1 (2-Pvridinvl)methvl)amino)ca rbonvl)vallnvl)amino)-3.4- 
dihvdr.Qxv-1.6-diphenylhexane. 

Using the procedure of Example 38 but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 41D and replacing (2S, 3S, 5S)-5-amino-2-(N-((3- 
pyridinyl)methoxycarbonyl)amino)-1,6-diphenyl-3-hydroxyhexane 
with the resultant compound of Example 109A provided, after 
silica gel chromatography using sequentially 2%, 3.5% and 4% 
methanol in chloroform, 91 mg (79%) of the desired compound 
(Rf 0.32, 10% methanol in chloroform) as a white solid, m.p. 
173-175°C. Mass spectrum: (M + 1) + = 801. 

Anal. Calcd for C 4 2H 5 6N8O6S-0.5H 2 0: C, 62.28; H, 7.09; 

N, 13.83. Found: C, 62.23; H, 7.00; N, 13.45. 

Example 110 

K. - (2S. 3R. 4S.5S) -5- (N- (N- ( (N-Methvl-N- H2-(( ( (t- 

butvl) pxv) carbonvl)amino)-4-t hiazolyl)methvl)amino)- 

carbonvl). valinvl) amino) -2- (N- (N- ( m-rnethvl-N- ( <2- 
pyr i d i nv l )methvl) amino)carbonyl)va l inyl)amino)-3.4-dihydroxy- 

1 .6-diphenylhexane. 

Using the procedure of Example 45E but replacing 
(2S,3S,5S)-2-amino-5-(N-((3-pyridinyl)methoxycarbonyl)- 
amino)-1,6-diphenyl-3-hydroxyhexane with the resultant 
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compound of Example 47A provided the desired compound (Rf 
0.63, 10% methanol in chloroform). 

fi->- (2S, 3R, 4S, 5S) -5- (N- (N- ( (N-Methy l -N- ( (2-amino-4- 

t h i azo l v l ) methv l ) amino) ca rbonvl) valinyl) amino) -2- (N- (n- ( m- 
m fithY l -N- ( ( 2 -pyr i d i nv l )methv l ) a m ino)carbonyl)-valinyl)amino)- 
3,4-dihvdroxv-l,6-diohenvlhexane. 

Using the procedure of Example 58B but replacing the 
resultant compound of Example 58A with the resultant compound 
of Example 110A provided, after silica gel chromatography 
using sequentially 2%, 5% and 7% methanol in chloroform, 68 
mg (57%) of the desired compound (Rf 0.28, 10% methanol in 
chloroform). 


Example 111 

Aj-N~ ((4 -MorPholinvl)carbonyl)valine Methyl Ester. 

Using the procedure of Example 4IB but replacing the 
resultant compound of Example 41A with morpholine provided a 
91% yield of the desired compound. Mass spectrum: (M + 1) + 
= 245. 


-N- ( (4-Moroholinyl) carb onyl) valine . 

Using the procedure of Example 41C but replacing the 
resultant compound of Example 4IB with the resultant compound 
of Example 111A provided the desired compound in 98% yield. 

-N-((4-Morpholinvl)carbonvl)valin e p-Nit roohenvl Ester. 

Using the procedure of Example 4ID but replacing the 
resultant compound of Example 41C with the resultant compound 
of Example 11IB provided the desired compound. 


IL - ( 2 S« 3S. 4S.5S) -5-_(N- (N- ( (4-Morpholinyl ) c arbonyl ) - 

valinvl) amino)-2-(N- (N - ((2-pvridinvl)methoxy- 
carbonvl)valinv l)amino)-3.4-dihvdroxv-i. 6-diohenyihexane. 

Using the procedure of Example 45E but replacing the 
resultant compound of Example 45D with the resultant compound 
of Example 111B and replacing (2S,3S,5S)-2-amino-5-(N-((3- 
pyridinyl)methoxycarbonyl)-amino)-1, 6-diphenyl-3- 
hydroxyhexane with the .resultant compound of Example 82A 
provided, after silica gel chromatography using sequentially 
2% and 4% methanol in chloroform, 75 mg (68%) of the desired 
compound (Rf 0.29, 10% methanol in chloroform). Mass 
spectrum: (M + 1) + = 747. 

Anal. Calcd for C 4 oH 5 4N60 8 -l.5H 2 0: C, 62.08; H, 7.42; N, 
10.86. Found: C, 62.20; H, 7.16; N, 11.11. 

Example 112 

-(2S.3 S,4S,5S)-5-(N-(N-((N-Methvl-N-((2- ( (((t- 

butvl) qxv) c arbonvl)amino) -4-thiazolvl)methvl)amino)- 
c arbonyl)va li nv l )amino) - 2 -(N -(N-((2-pyridinvl)methoxy- 
carbonvl)valinvl) amino)-3.4-dihy droxy-l.6-diphenylhexane. 

Using the procedure of Example 45E but replacing 
(2S,3S,5S)-2-amino-5-(N-((3-pyridinyl)methoxycarbonyl)- 
amino)-1,6-diphenyl-3-hydroxyhexane with the resultant 
compound of Example 82A provided the desired compound (Rf 
0 .66, 10% methanol in chloroform). 

- (2S.3S.4S. 5S)-5-(N-(N- ( (N-Methyl-N- ( (2-amino-4- 

thiazolvl)methvl) amino)carbonvl) valinyl)amino)-2-(N-(N-((2- 
pyr i d i nv l )methoxycarbonyl) valinvl ) amino)-3.4-dihvdroxv-l.6- 

diphenvlhexane. 

Using the procedure of Example 58B but replacing the 
resultant compound of Example 58A with the resultant compound 
of Example 112A provided, after silica gel chromatography 
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using sequentially 2%, 5% and 7% methanol in chloroform, 60 
mg (50%) of the desired compound (Rf 0.24, 10% methanol in 
chloroform) as a'white solid, m.p. 188-192°C. Mass spectrum: 
(M + 1)+ = 803. 

Anal. Calcd for C4iH 54 N80 7 S-H20: C, 59.98; H, 6.87; N, 
13.65. Found: C, 60.27; H, 6.58; N, 13.48. 

Example 113 

12S.2S, 5S)-2.5-Bis-(N-(N-( (4-morpholinyl)carbonyl)- 
yalinvl )amino)-1.6-diphe nyl-3-hYdroxyhexane. 

Using the procedure of Example 85 but replacing the 
resultant compound of Example. 4A with the resultant compound 
of Example IE and replacing the resultant compound of Example 
43B with the resultant compound of Example 111C provided, 
after silica gel chromatography using 5% methanol in 
chloroform, 62 mg (58%) of the desired compound (Rf 0.28, 10% 
methanol in chloroform) as a white solid, m.p. 198-201°C. 

Mass spectrum: (M + 1)+ = 709. 

Example 114 

-( 2S, 3S, 5S) ~5~ (N- (N- ( (N-Methvl-N- ( (2-thi a zolyl) methyl) - 

am ino)carbonvl)valinvl)-2 -(N-(n- ( (N-methvl-N-( <2- 
pyr i d i ny l )methyl)amino)carbonyl) v alinyl)amino)-1.6-dipheny)- 

3-hvdroxvhexane. 

Using the procedure of Example 38 but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 41D and replacing (2S,3S,5S)-5-amino-2-(N-((3- 
pyridinyl)methoxycarbonyl)amino)-1,6-diphenyl-3-hydroxyhexane 
with the resultant compound of Example 114A provided, after 
silica gel chromatography using first 2% then 4% methanol in 
chloroform, 75 mg (73%) of the desired compound (Rf 0.34, 10% 
methanol in chloroform) as a white solid, m.p. 158-160°C. 

Mass spectrum: (M + 1) + = 785. 
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Ana 1. Calcd for C 42 H 56 N 8 O 5 S: C, 64.26/ H, 7.19; N, 

14.27. Found: C, 63.89; H, 7.14; N, 14.08. 

Example 115 

-(2S, 3S.5S)-2-Amino-5-(N-(N-((N-methyl-N- ((2- 

BYr i d i nvDmethvl) amino) carbonyl) val inyl) amino) -1. 6 -diphenyl- 

3.-hvdroxyhexane . 

Using the procedure of Example 58B but replacing the 
resultant compound of Example 58A with the resultant compound 
of Example 64 provided the desired compound (Rf 0.20, 2% 
isopropylamine/ 2 % methanol in chloroform). 

2-- L2S. 3S.5S )-2- (N- (N-((N-Methvl-N-((2-thiazolvl)methyl!- 

a mino) carbonvl)valinvl) -5- (N-(N- ( (N-methvl-N- ((2- 
PYr i d i nvl) methvl) amino.) carbonyl) vali n yl) amino) -1. 6-diphenyl- 

3-hvdroxvhexane. 

Using the procedure of Example 38 but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 41D and replacing (2S,3S,5S)-5-amino-2-(N-((3- 
pyridinyl)methoxycarbonyl)amino)- 1 ,6-diphenyl-3—hydroxyhexane 
with the resultant compound of Example 115A provided, after 
silica gel chromatography using first 2 % then 4 % methanol in 
chloroform, 81 mg (78%) of the desired compound (Rf 0.33, 10% 
methanol in chloroform) as a white solid, m.p. 156-158°C. 

Mass spectrum: (M + 1) + = 785. 

Anal. Calcd for C42H 56 N 8 0 5 S: C, 64.26; H, 7.19; 14.27. 
Found: C, 63.96; H, 6.99; N, 13.89. 

Example 116 

Aj -Methvl 3-(1-Benzimidazolyl)pro pionate. 

A solution of 10.0 g (84 mmol) of benzimidazole, 22.7 ml 
(250 mmol) of methyl acrylate and 3 drops of DBU in 50 ml of 
tetrahydrofuran was heated at reflux for 2 days. The 
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resulting solution was concentrated in vacuo, and the residue 
was purified by silica gel chromatography using 3% methanol 
in chloroform to provide 15.7 g (92%) of the desired compound 
(Rf 0.58, 10% methanol in chloroform). 

- 3- (1-Benzimidazolyl) p r opionic Acid. 

Using the procedure of Example 41C but replacing the 
resultant compound of Example 4 IB with the resultant compound 
of Example 116A provided the desired compound. 

C_.- (2S.3R,. 4R,5S)-2.5-Bis- (N- ( N- (3- (1-benzimidazolyl ) - 

RTOPan ovl) valinvl)amino)-3.4-dihvdroxv-l.6-diphenvlhpyanp 
Using the procedure of Example 92 but replacing the 
resultant compound of Example 45D with the resultant compound 
of Example 116B and replacing the resultant compound of 
Example 11C with the resultant compound of Example 4C 
provided, after silica gel chromatography using 10% methanol 
in chloroform, 216 mg (48%) of the desired compound (Rf 0.20, 
10% methanol in chloroform). Mass spectrum: (M + 1) + = 843. 

Example 117 

-L2S. 3R. 4R. 5S) -5-Ami no-2- (N- ( ( (t-butyl) oxy) - 

c arbonvl)amino)-3.4-dihydroxy-l.6 -diphenvlhexane. 

Using the procedure of Example 62A but replacing the 
resultant compound of Example 13D with the resultant compound 
of Example. 4A provided the desired compound (Rf 0.58, 10% 
methanol in chloroform). Mass spectrum: (M + 1) + = 401. 

- ( 2 S» 3R. 4R. 5S) -5- (N- (N- ( (N-Methyl- N - ( (2-pvridinyl ) - 

methy l ) am i no)ca rbonv l )va li nv l)amino)-2-(N- i( (t-butyi)oxy)- 
c arbony l )amino) -3.4-dihvdroxv-l.6-diphe n vlhexane. 

Using the procedure of Example 48B but replacing the 
resultant compound of Example 48A with the resultant compound 
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of Example 117A provided, after silica gel chromatography 
using first 1.5% then 2% methanol in chloroform, 101 mg (83%) 
of the desired compound (Rf 0.50, 10% methanol in chloroform) 
as a white solid. Mass spectrum: (M + 1) + = 648. 

Example 118 

(2Sf 3S,4S,5S) -2, 5-Bis-(N-(N-((N-methy l -N-((3-pyridinyl)- 
methyl) amino)carbonvl)valinyl)amin o)-3.4-dihvdroxy-l.6- 

diohenvlhexane. 

Using the procedure of Example 85 but replacing the 
resultant compound of Example 4A with the resultant compound 
of Example 11C and replacing the resultant compound of 
Example 43B with the resultant compound of Example 24F 
provided, after silica gel chromatography using 2%, then 5%, 
then 10% methanol in chloroform, 460 mg (58%) of the desired 
compound (Rf 0.17, 10% methanol in chloroform) as a white 
solid, m.p. 174-175°C . Mass spectrum: (M + 1) + = 795. 

Anal. Calcd for C44H 58 N 8 06*H 2 0: C, 65.00; H, 7.44; N, 
13.78. Found: C, 65.09; H, 7.29; N, 13.61. 

Example 119 

(2S, 3R. 4R. . 5S) -2,_5-Bis- (N- (N- ( (N-me t hyl-N- ( (3-pyridinyl) - 
mfithvl) amino)carbonvl)valinvl) amino)-3.4-dihvdroxv-l.6- 

diphenylhexane. 

Using the procedure of Example 85 but replacing the 
resultant compound of Example 43B with the resultant compound 
of Example 24F provided, after silica gel chromatography 
using first 5%, then 7.5%, then 10% methanol in chloroform, 
249 mg (96%) of the desired compound (Rf 0.31, 10% methanol 
in chloroform) as a white solid, m.p. 95-97°C. Mass 
spectrum: (M + 1) + = 795. 

Anal. Calcd for C44H 58 N 8 06* 1.5H20: C, 64.29; H, 7.48; N, 
13.63. Found: C, 64.30; H, 7.20; N, 13.56. 
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Example 120 

(2S, 3S, 4S« . 5S) -2,5-Bis- (N- (N- ( (N-met h yl-N- ( (2-pyridinyl) - 
methvl)amino)carbonyl)isoleu cinyl)amino)-3.4-dihydroxy-l.6- 

diphenvlhexane. 

Using the procedure of Example 85 but replacing the 
resultant compound of Example 4A with the resultant compound 
of Example 11C and replacing the resultant compound of 
Example 43B with the resultant compound of Example 16C 
provided, after silica gel chromatography using first 2%, 
then 3%, then 5% methanol in chloroform, 160 mg (59%) of the 
desired compound (R f 0.38, 7.5% methanol in chloroform). 

Mass spectrum: (M + 1) + = 823. 

Anal. Calcd for C4 6 H 62 N 8 0 6 -H 2 0: C, 65.69; H, 7.67; N, 
13.32. Found: C, 65.61; H, 7.49; N, 13.06. 

Example 121 

. (2Sf3Ri4S,5S)-2,5-Bisr(N-(N-( (N-me t hyl-N- ( (2-pyridinyl) - 
methyl) amino)carbonyl) isoleucinyl) amino) -3. 4-dihvdroxy-l.6 - 

diPhenylhexane. 

Using the procedure of Example 85 but replacing the 
resultant compound of Example 4A with the resultant compound 
of Example 13D and replacing the resultant compound of 
Example 43B with the resultant compound of Example 16C 
provided, after silica gel chromatography using first 1% then 
3% methanol in chloroform, 565 mg (67%) of the desired 
compound (Rf 0.37, 7.5% methanol in chloroform). Mass 
spectrum: (M + 1) + = 823. 

Anal. Calcd for C46H62N 8 C>6-0.25H 2 0: C, 66.76; H, 7.61; 

N, 13.54. Found: C, 66.56; H, 7.53; N, 13.45. 


Example 122 

A-— N- ( (N-Methvl'-N- ( (2-Pvridinvl) ethyl) a m ino) -carbonyl) valine 

p-Nitropha nvl Ester. 

Using sequentially the procedures of Examples 41B, 41C, 
and 4ID, but replacing the resultant compound of Example 41A 
with 2-((methylamino)ethyl)pyridine provided the desired 
compound. 

fi--L2S, 3S. 4S,5S)-2.5-Bis-(N-(N-((N-methyl-N -((2- 

pyr i d i nv l )ethvl)amino)carbonvl)va linvl)amino)-3.4-dihvdroxy- 

1 ^-6-diphenylhexanP . 

Using the procedure of Example 85 but replacing the 
resultant compound of Example 4A with the resultant compound 
of Example 11C and replacing the resultant compound of 
Example 43B with the resultant compound of Example 122A 
provided, after silica gel chromatography using first 2% then 
5% methanol in chloroform, 170 mg (62%) of the desired 
compound (Rf 0.21, 7.5% methanol in chloroform) as a white 
solid, m.p. 109-111°C. Mass spectrum: (M + 1) + = 823. 

Anal. Calcd for C46H 6 2N8O 6 -0.5H 2 0: C, 66.40; H, 7.63; N, 
13.47. Found: C, 66.17; H, 7.51; N, 13.41. 

Example 123 

12S. 3R. 4R. 5S) -2. 5-Bis- (N- (N- ( m-rnethvl-N-f 17- 
PVr i d i nvl)ethvl)amino)carbonvl)v a linyl)amino)-3. 4-dihydroxy- 

1 .6-diphenvlhexane. 

Using the procedure of Example 85 but replacing the 
resultant compound of Example 43B with the resultant compound 
of Example 122A provided, after silica gel chromatography 
using first 7.5% then 10% methanol in chloroform, 220 mg 
(78%) of the desired compound (Rf 0.06, 7.5% methanol in 
chloroform). Mass spectrum: (M + 1) + = 


823 . 
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Anal. Calcd for C 4 6H 6 2N80 6 -H 2 0: C, 65.69; H, 7.67; N, 
13.32. Found: C, 65.64; H, 7.46; N, 13.26. 

Example 124 

.. (2S« 3R. 4S> 5S) -2. 5-Bis- (N- (N - ( (N-methyl-N- ( (?- 
EL YX i d i nvl) ethvl) amino) carbonvl> va U nvl) amino) -3.4-di hvdrnxy- 

l^J-diphenvlhexane. 

Using the procedure of Example 85 but replacing the 
resultant compound of Example 4A with the resultant compound 
of Example 13D and replacing the resultant compound of 
Example 43B with the resultant compound of Example 122A 
provided, after silica gel chromatography using first 5%, 
then 7.5%, then 10% methanol in chloroform, 186 mg (65%) of 
the desired compound (R f 0.23, 10% methanol in chloroform). 
Mass spectrum: (M + 1) + = 823. 

Example 125 

(2S,3R< 5S)~ 2 , 5-Bis-(N-(N-((N-me t hyl-N-((3-pyridinyl)- 

methyl)amino)carbonvl)valinvl)a mino)-3.4-dihvdroxv-l.6- 

diphenvlhexane. 

Using the procedure of Example 85 but replacing the 
resultant compound of Example 4A with the resultant compound 
of Example 13D and replacing the resultant compound of 
Example 43B with the resultant compound of Example 24F 
provided, after silica gel chromatography using sequentially 
2%, 7% and 10% methanol in chloroform, 189 mg (72%) of the 
desired compound (R f 0.20, 10% methanol in chloroform) as a 
off-white solid, m.p. 174-176°C. Mass spectrum: (M + 1)+ = 
795. 

Anal. Calcd for C44H 58 N 8 06-H20: C, 65.00; H, 7.44; N, 
13.78. Found: C, 65.18; H, 7.19; N, 13.68. 
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Example 126 

(2S.3S, 5S.) -2.5-Bis- (N- (N- ( (N-m e thyl-N- ( (3-pyridinyl ) - 

methvl)amino)carbonvl)valinyl)amino)- 1 ,6-diphenvl-3- 

hvdroxvhexane. 

Using the procedure of Example 85 but replacing the 
resultant compound of Example 4A with the resultant compound 
of Example IE and replacing the resultant compound of Example 
43B with the resultant compound of Example 24F provided, 
after silica gel chromatography using first 2 %, then 7 %, then 
10% methanol in chloroform, 132 mg (81%) of the desired 
compound (Rf 0.18, 10% methanol in chloroform) as a off-white 
solid, m.p. 193-196°C. Mass spectrum: (M + 1) + = 779. 

Anal. Calcd for C 44 H 58 N 8 O 5 -H 2 0: C, 66.31; H, 7.59; N, 
14.06. Found: C, 66.22; H, 7.51; N, 13.59. 

Example 127 

(2Si3R.4R.5S)-2.5-Bis-(N-(N-(3-(thiaz o l-2-yl)propanoyl)- 
Y a li nvl) amino)-3.4-dihydro x y-l. 6 -diphenylhexane. 

Using the procedure of Example 92 but replacing the 
resultant compound of Example 45D with the resultant compound 
of Example 34A and replacing the resultant compound of 
Example 11C with the resultant compound of Example 4C 
provided the desired compound. 

Example 128 

.. ( 2 S« 4S) -2, 4-Bis - (N- (N- (3 - (t h iazol-2-yl) propanoyl) - 
valinvl)amino)- 1 .5-dipheny l-3-hydroxypentane. 

Using the procedure of Example 92 but replacing the 
resultant compound of Example 45D with the resultant compound 
of Example 34A and replacing the resultant compound of 
Example 11C with the resultant compound of Example 6 H 
provided the desired compound. 



Example 129 

J2S« 2R, 4R> 5S) ~ 2 , 5-Bis- (N- (N- ( (N-methvl-N- ( (2-thiazolyl ) - 
m et l u a ) am i no) c arbonv l ) va ll nvD amlno)-3.4-dihvdroxv-i. 6- 

diphenvlhexane. 

Using the procedure of Example 85 but replacing the 
resultant compound of Example 43B with the resultant compound 
of Example 4ID provided, after silica gel chromatography 
using sequentially 1.5%, 2% and 5% methanol in chloroform, 

140 mg (87%) of the desired compound (Rf 0.27, 10% methanol 
in chloroform) as a white solid, m.p. 146-148°C. Mass 
spectrum: (M + 1) + = 807. 

Anal. Calcd for C4oH 54 N 8 06S2-0.5H 2 0: C, 58.87; H, 6.79; 

N, 13.73. Found: C, 58.57; H, 6.60; N, 13.47. 

Example 130 

(2S,3Sr4S,5S )-2 ,5-Bis-(N-(N- ( (N-methvl-N- ( (2-thiazolyl ) - 
methvl)amino)carbonvl)valinvl) amino)-3.4-dihvdroxv-l.6- 

diphenylhexane. 

Using the procedure of Example 85 but replacing the 
resultant compound of Example 4A with the resultant compound 
of Example 11C and replacing the resultant compound of 
Example 43B with the resultant compound of Example 4ID 
provided, after silica gel chromatography using sequentially 
1.5%, 2% and 5% methanol in chloroform, 138 mg (85.7%) of the 
desired compound (R f 0.29, 10% methanol in chloroform) as a 
white solid, m.p. 176-178°C. Mass spectrum: (M + 1) + = 807. 

Anal. Calcd for C4oH 5 4N 8 0 6 S2 • 0.5H 2 0: C, 58.87; H, 6.79; 

N, 13.73. Found: C, 58.77; H, 6.59; N, 13.61. 



Example 131 

(2S.3R. 4S.5S)-2.5-Bis-(N-(N-( (N-methyl-N-( (2-thiazolyl) - 
methvl)amino)carbonvl)valinvl)amino )-3.4-dihvdroxv-l.6- 

diphenvlhexane. 

Using the procedure of Example 85 but replacing the 
resultant compound of Example 4A with the resultant compound 
of Example 13D and replacing the resultant compound of 
Example 43B with the resultant compound of Example 4ID 
provided, after silica gel chromatography using sequentially 
1.5%, 2% and 5% methanol in chloroform, 121.7 mg (75.4%) of 
the desired compound (Rf 0.27, 10% methanol in chloroform) as 
a white solid, m.p. 198-200°C. Mass spectrum: (M + 1) + = 

807 . 

Anal. Calcd for C 40 H 54 N 8 O 6 S 2 : C, 59.53; H, 6.74; N, 
13.88. Found: C, 59.67; H, 6.66; N, 13.80. 

Example 132 

12S.3S.5S) - 2 . 5-Bis-(N-(N-((N-methyl-N-((2-thiazolvl)- 

methvl)amino)carbonvl)valinyl)amino)-1.6-diphenyl-3- 

hvdroxvhexane. 

Using the procedure of Example 85 but replacing the 
resultant compound of Example 4A with the resultant compound 
of Example IE and replacing the resultant compound of Example 
43B with the resultant compound of Example 4ID provided, 
after silica gel chromatography using sequentially 1.5%, 2% 
and 5% methanol in chloroform, 102 mg (64.6%) of the desired 
compound (Rf 0.30, 10% methanol in chloroform) as a white 
solid, m.p. 195-197°C . Mass spectrum: (M + 1) + =791. 

Anal. Calcd for C 4 oH54N80 5 S2*0.25H 2 0: C, 60.39; H, 6.90; 
N, 14.09. Found: 60.27; H, 6.79; N, 13.94. 
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Examole 133 

K, -(2 S. 3R, .3 R, 5S) -5-Amino-2- (N- ( (3-Pvridiny l l methoxy- 

carbony l )am i no)-3,4-dihvdroxv-i. 6-diphen v ihexane. 

Using the procedure of Example 48A but replacing the 
resultant compound of Example 13D with the resultant compound 
of Example 4A provided, after silica gel chromatography using 
sequentially 2%, 3.5%, 10% and 12 % methanol in chloroform, 

238 mg (41%) of the desired compound (R f 0.10, 10% methanol 
in chloroform). Mass spectrum: (M + 1) + = 436. 

B--L2 S,3R,4R , 5S)-2-(N - ( N-((2-Pyridinyl)methoxy- 

£ arbe>nvl).valinvl) amino) -5- (N- ( (3-pyrid invl) methoxy- 
g arbonv l )amino)-3,4-dihydrox y -l, 6 -diphenylhexane. 

Using the procedure of Example 38 but replacing the 
resultant compound of Example 3F with the resultant compound 
of Example 2D and replacing (2S,3S,5S)-5-amino-2-(N-((3- 
pyridinyl)methoxycarbonyl)amino)- 1 , 6 -diphenyl— 3 —hydroxyhexane 
with the resultant compound of Example 133A provided, after 
silica gel chromatography using first 2 % then 3 . 5 % methanol 
in chloroform, 62.1 mg (58%) of the desired compound (R f 
0.32, 10% methanol in chloroform) as a white solid, m.p. 189- 
190°C. Mass spectrum: (M + 1) + = 770. 

Anal. Calcd for 037843 ^ 07 - 0 .25H 2 0: C, 65.91; H, 6.50; 

N, 10.39. Found: C, 65.91; H, 6.28; N, 10.36. 

Example 134 

(2S t 3S,4S,5S)- 5 - (N-(N-((N-Methvl-N - ((2-pyridinyl)- 
methvl)amino)carbonvl)va linvl)amino)-2-(N- ( /3- 

PVridin vl)methoxycarbonyl)amino)-3,4-dihvdroxv-l.6- 

diphenvlhexane. 

Using the procedure of Example 47B but replacing the 
resultant compound of Example 47A with the resultant compound 
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of Example 89A provided, after silica gel chromatography 
using first 2% then 3.5% methanol in chloroform, 74 mg (85%) 
of the desired compound (Rf 0.42, 10% methanol in chloroform) 
as a white solid, m.p. 84-85°C. Mass spectrum: (M + 1) + = 

683. 

Anal. Calcd for C 38 H4 6 N 6 0 6 -0.5H 2 0: C, 65.97; H, 6.85; N, 
12.15. Found: C, 65.61; H, 6.73; N, 11.70. 

Example 135 

iL-L2S,3S.5S)-2-Amino-5-(N-((5- thiazolyl)- 

methoxvcarbonvl)amino)-1.6 -diphenvl-3-hydroxvhexane and 
(2S.3S.5-S) -5-Amino-2- (N- ( (5 -thiazolyl) - 
methOXYCarbonvl)amino)-1.6-diph e nYl-3-hYdroxvhexane. 
Using the procedure of Example 37B but replacing the 
resultant compound of Example 37A with the resultant compound 
of Example 80C provided, after silica gel chromatography 
using first 2% then 5% methanol in chloroform provided a 
mixture of the two desired compounds. Silica gel 
chromatography of the mixture using first 2% isopropylamine 
in chloroform followed by 2% isopropylamine/1% methanol in 
chloroform and finally 2% isopropylamine/2% methanol in 
chloroform provided 111 mg (16%) of (2S,3S,5S)-2-amino-5-(N- 
((5-thiazolyl)-methoxycarbonyl)amino)-1,6-diphenyl-3- 
hydroxyhexane and 185 mg (28%) of (2S, 3S,5S)-2-amirio-5-(N- 
((5-thiazolyl)-methoxycarbonyl)amino)-1,6-diphenyl-3- 
hydroxyhexane. Mass spectrum for each compound: (M + 1) + = 
426. 


E-.- (2S,3S, 5 . S) -2- (N- (N- ( (2TPvridinyl)meth o xycarbonyl) - 

^ a li ny l )am i no) -5-(N~((5-thiazolvl)methoxyca r bonyl)amino)-1.6- 

-diphenvl-3-hvdrox vhexane. 

Using the procedure of Example 37C but replacing 
(2S,3S,5S)-2-amino-5-(N-((3-pyridinyl)methoxycarbonyl)- 
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amino)-1,6-diphenyl-3-hydroxyhexane with (2S,3S,5S)-2-amino- 
5-(N-((5-thiazolyl)methoxycarbonyl)amino)-1, 6-diphenyl-3- 
hydroxyhexane and replacing the.resultant compound of Example 
3F with the resultant compound of Example 2D provided, after 
silica gel chromatography using a gradient of 1% - 3% - 5% 
methanol in chloroform, 56 mg (72%) of the desired compound 
(Rf 0.50, 10% methanol in chloroform) as a white solid, m.p. 
176-177°C. Mass spectrum: (M + 1) + = 660. 

Anal. Calcd for C3 5 H 4 iN 5 06S-1.5H 2 0: C, 61.21; H, 6.46; 

N, 10.20. Found: C, 61.08; H, 6.00; N, 10.39. 

Example 136 

12 S. 3S, 5S1.-5- (N- (N- ( (2-Pvridinyl) methoxycarbonyl) - 
ya li nvl)amino) -2-(N- ((5-thiazolyl)methoxy c arbonyl)amino)-1.6- 

diphenvl-3-hyd roxyhexane. 

Using the procedure of Example 37C but replacing 

(2S,3S,5S)-2-amino-5-(N-((3-pyridinyl)methoxycarbonyl)- 
amino)-1,6-diphenyl-3-hydroxyhexane with (2S,3S,5S)-5-amino- 
2-(N-((5-thiazolyl)methoxycarbonyl)amino)-1,6-diphenyl-3- 
hydroxyhexane and replacing the resultant compound of Example 
3F with the resultant compound of Example 2D provided, after 
silica gel chromatography using a gradient of 1% - 3% - 5% 
methanol in chloroform, 48 mg (62%) of the desired compound 
(Rf 0.47, 10% methanol in chloroform) as a white solid, m.p. 
166-168°C. Mass spectrum: (M + 1) + = 660. 

s 

Example 137 

(2S,3S,5S)-2-(N-(N-((N-Methvl-N-((2-pyrl dinyl)methyl)- 
am i no)carbonyl) isoleucinvl)amino)-5 - (N-((5-thiazolyl)- 
methoxycarbon y l )am i no) - 1 .6- diphenyl-3-hydroxyhexane. 

Using the procedure of Example 37C but replacing 

(2S,3S,5S)-2-amino-5-(N-((3-pyridinyl)methoxycarbonyl)- 
amino)-1,6-diphenyl-3-hydroxyhexane with (2S,3S,5S)-2-amino- 
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5-(N-((5-thiazolyl)methoxycarbonyl)amino)-1, 6-diphenyl-3- 
hydroxyhexane and replacing the resultant compound of Example 
3F with the resultant compound of Example 16C provided, after 
silica gel chromatography using first 2% then 5% methanol in 
chloroform, 51 mg (62%) of the desired compound (Rf 0.43, 10% 
methanol in chloroform) as a white solid, m.p. 66-69°C. Mass 
spectrum: (M + 1) + = 687. 

- Example; 138 

(2S,3S,5S)-5-(N-(N-((N-Methyl- N -((2-pyridinyl)methyl)- 
amino) carbonvl)isoleucinvl)a mino)-2-(N- (( 5-thiazolyl)- 
m ethoxycarbonyl) amino)-1.6-diphen y l-3-hydroxyhexane. 
Using the procedure of Example 37C but replacing 

(2S,3S,5S)-2-amino-5-(N-((3-pyridinyl)methoxycarbonyl)- 
amino)-1,6-diphenyl-3-hydroxyhexane with (2S,3S,5S)-5-amino- 
2-(N-((5-thiazolyl)methoxycarbonyl)amino)-1, 6-diphenyl-3- 
hydroxyhexane and replacing the resultant compound of Example 
3F with the resultant compound of Example 16C provided, after 
silica gel chromatography using a gradient of 2% - 5% 
methanol in chloroform, 51 mg (62%) of the desired compound 
(Rf 0.47, 10% methanol in chloroform) as a white solid, m.p. 
64-67°C. Mass spectrum: (M + 1) + = 687. 

Example 139 

( 2 S.3S.5S)-2-(N- (N- ( (N-Methvl-N- ( (2-amino- 4-thiazolyl^ - 
methyl)amino) carbonvl)valinvl) amino)-5- <n- ((5-thiazoiyH- 
methoxycarbonyl) amino)-1.6-di phenyl-3-hydroxyhexane. 

Using the procedure of Example 47B but replacing the 
resultant compound of Example 47A with the resultant compound 
of Example 57B and replacing the resultant compound of 
Example 37A with the resultant compound of Example 80C 
provided, after silica gel chromatography using a gradient of 
2% - 3% - 5% methanol in chloroform, 46 mg (55%) of the 
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desired compound (Rf 0.24, 10% methanol in chloroform). Mass 
spectrum: (M + 1) + = 694. 

Example 140 

. ( 2 S, 4S) -2.4-B i s- (N~ (N- (Boc-qlvcinvl) valiny l ) amino) -1.5- 
diphenvl-3-hvdroxypentane. 

A solution of 100 mg (0.21 mmol) of the resultant 
compound of Example 6H and 79.0 mg. (0.94 mmol) of sodium 
bicarbonate in 2 ml of tetrahydrofuran and 2 ml of water was 
treated with a solution of 116.2 mg (0.43 mmol) of N-t-Boc- 
glycine N-hydroxysuccinimide ester in 2 ml of tetrahydrofuran. 
After being stirred at ambient temperature for 2 h, the 
solution was diluted with dichloromethane, washed with water, 
dried over MgS 04 , and concentrated in vacuo. Silica gel 
chromatography of the residue using 10% methanol in 
dichloromethane provided 129.6 mg (78%) of the desired 
compound as a white solid. 1 H NMR (DMS0-d6) 8 0.69-0.82 (m, 

12H), 1.37 (s, 18H), 1.73 (m, 1H), 1.94 (m, 1H), 2.45-2.62 (m, 
2H), 2.73 (br d, 2H), 2.97 (dd, 1H), 3.53 (m, 4H), 3.86 (m, 

1H) , '4.02 (m, 2H) , 4.22 (m, 1H) , 5.29 (br d, 1H) , 7.02-7.32 
(m, 13H), 7.46-7.59 (m, 3H). Mass spectrum: (M+H) + = 783. 

Example 141 

1. 2 . Sf 4$) -2, 4-Bis- (N- (N~ (qlvcinvl) valiny l ) amino) -1.5-diphenvl-3- 

hvdroxypentane. 

Using the procedure of Example 6F but replacing the 
resultant compound of Example 6E with the resultant compound 
of Example 140 provided, after silica gel chromatography using 
10% methanol in dichloromethane, 48.7 mg (91%) of the desired 
compound as a white solid. NMR (DMSO-d6) 5 0.70-0.83 (four 

d, 12H), 1.78 (m, 1H), 1.96 (m, 1H), 2.62 (m, 2H), 2.74 (br d, 
2H), 2.97 (m, 1H), 3.46-3.87 (m, 5H), 4.02 (m, 2H), 4.21 (m, 

1H), 5.33 (br d, 1H), 7.08-7.26 (m, 10H), 7.57(br d, 2H), 7.67 
(br d, 1H), 7.86 (br d, 1H). Mass spectrum: (M+H) + = 


583 . 


Example _ 142 

(2S,4S)-2.4-Bis-(N-(N-((4-pyridinylthio)acetvl ) va linyl)- 
ami no)-1,5-diphenyl-3-hydroxypentane. 

—ZL.- (2Sf 4S) -2, 4-Bis- (N- (N- (bromoacety l) valinyl) amino) - 

l*.5-diphenvl-3-hydroxypentane. 

A solution of 100 mg (0.21 mmol) of the resultant 
compound of Example 6H and 34.5 |ll (0.43 mmol) of pyridine in 
10 ml of dichloromethane was treated with 37.2 |ll (0.43 mmol) 
of bromoacetyl bromide at 0°C. After being stirred at 0°C for 
1 h, the solution was diluted with dichloromethane, washed 
with water, dried over MgSC>4, and concentrated in vacuo. 

Silica gel chromatography of the residue using 10% methanol in 
dichloromethane provided 108.3 mg (71%) of the desired 
compound as a white solid. Mass spectrum: (M+H) + = 709. 

E-— ( 2 S,4S)—2r 4—B i s — ( N—(N- ((4-Pvr i d invlthio)acetyl)valinyl)- 
amino) -1.5-diphenyl- 3-hydroxypentane. 

A solution of 50.0 mg (0.070 mmol) of the resultant 
compound of Example 142A and 18.4 JJ.1 (0.14 mmol) of 

triethylamine in 2 ml of dimethylformamide was treated with 
15.6 mg (0.14 mmol) of 4-mercaptopyridine. After being 
stirred at ambient temperature for 2 h, the solution was 
diluted with dichloromethane, washed with water, dried over 
MgSC>4, and concentrated in vacuo. Silica gel chromatography 
of the residue using 10% methanol in dichloromethane provided 
57.2 mg (73%) of the desired compound as a pale yellow solid. 

1 H NMR (CDCI3) 8 0.72 (t, 6H) , 0.79 (t, 6H), 1.74 (m, 1H), 1.93 

(m, 1H), 2.56 (m, 2H), 2.76 (br d, 2H), 2.93 (m, 1H), 3.70- 
3.95 (m, 5H), 4.03 (m, 2H), 4.23 (dd, 1H), 5.32 (d, 1H), 7.04- 
7.25 (m, 10H), 7.31 (m, 4H), 7.54 (br d, 1H), 7.62 (br d, 1H), 
8.02 (br d, 1H), 8.18 (br d, 1H), 8.34 (m, 4H). Mass 
spectrum: (M+H) + = 771. 
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Examole 147 

( 2 S, iS) - 2 ,4-Bis- (N~ (N~ ( (2-Pvri dinvlt h io) acetyl) val i nvl ) - 
am i no)- 1 «5-diphenvl-3-hydroxyp entane. 

Using the procedure of Example 142B but replacing 4- 
mercaptopyridine with 2-mercaptopyridine provided 32.3 mg 
(85%) of the desired compound as a white solid. NMR (DMSO- 

d6) 8 0.62 (d, 3H), 0.68 (two d, 6H) , 0.76 (d, 3H), 1.73 (m, 

1H), 1.92 (m, 1H), 2.58 (dd, 2H), 2.70 (br d, 2H), 2.96 (dd, 

1H), 3.73-3.96 (m, 5H) , 4.01 (m, 2H) , 4.18 (dd, 1H), 5.29 (d, 
1H) , 7.04-7.23 (m, 12H), 7.36 (dd, 2H), 7.49 (br d, 1H), 7.56 
(br d, 1H), 7.64 (td, 2H), 7.83 (br d, 1H) , 8.00 (br d, 1H), 
8.38 (tt, 2H). Mass spectrum: (M+H) + = 771. 

Example 144 

I 2S> 4g)-2,4-Bi s- (N- (N-(N-(acetyl)qlycinvl)valinvl)amino)-1.5- 

di Phenvl_-3-hvdroxvpentane. 

A solution of 200 mg (0.34 mmol) of the resultant 
compound of Example 141 and 98.4 fil (0.75 mmol) of 

triethylamine in 4 ml of dimethylformamide was treated with 
68.0 Jll (0.72 mmol) of acetic anhydride. After being stirred 

at ambient temperature for 2 h, the solution was diluted with 
water and extracted with four 10 ml portions of 10% methanol 
in dichloromethane. The combined organic layers were dried 
over MgSC> 4 , and concentrated in vacuo. Silica gel 
chromatography of the residue using 10% methanol in 
dichloromethane provided 164.1 mg (72%) of the desired 
compound as a white solid. 1 H NMR (DMSO-d6) 5 0.69-0.81 (four 

d, 12H), 1.76 (m, 1H), 1.84 (two s, 6H), 1.92 (m, 1H), 2.60 
(dd, 2H), 2.74 (br d, 2H), 2.97 (dd, 1H), 3.67 (d, 2H), 3.72 
(d, 2H), 3.85 (m, 1H), 4.02 (m, 2H), 4.17 (dd, 1H), 5.24 (d, 

1H), 7.07-7.26 (m, 10H), 7.46(br d, 1H), 7.53 (br d, 1H), 7.56 
(br d, 1H), 7.72(br d, 1H), 8.07 (br t, 1H), 8.12 (br t, 1H). 
Mass spectrum: (M+H) + = 667. 
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£Lxample_ 145 

I2 S, 4S) -2 f 4-B i s- (N~ (N- (N- ( (2-Pvridinvl) met-.h oxvcarhnnvl ) - 
fl l vcmvl) valmvl) amino) -1.5-diphenyl - 3-hYriroxypentanc>. 

A-- N~ ( (2-PVr i d i nv l ) meth o x ycarbonyl) glycine Methyl Est-.sr. 

Using the procedure of Example 2B but replacing the 
resultant compound of Example 2A with isocyanato-glycine 
methyl ester provided the desired compound. 

B-- Nr((2-Pvridinvl)methoxycarbonyl)glycine. 

Using the procedure of Example 3E but replacing the 
resultant compound of Example 3D with the resultant compound 
of Example 145A provided the desired compound. 

- L 2 S. 4S) —2.4-Bis- (N- (N- (N- ( (2- p vridinyl) - 

methoxyca rbonyl)glvcinvl)valinvl)amino)-1.5-diphenvl-3- 

hvdroxvpentane. 

Using the procedure of Example 61 but replacing trans-3- 
(pyridinyl)acrylic acid with the resultant compound of Example 
142B provided 289.6 mg (80%) of the desired compound as a 
white solid. !h NMR (DMSO-d6) 8 0.63-0.75 (four d, 12H) , 1.66 

(m, 1H), 1.84 (m, 1H), 2.49 (m, 2H), 2.64 (m, 2H), 2.90 (m, 

1H), 3.55 (m, 2H), 3.59 (d, 2H) , 3.78 (m, 1H), 3.94 (m, 2H), 
4.14 (dd, 1H), 5.00 (s, 4H) , 5.19 (d, 1H) , 6.98-7.23 (m, 

12H), 7.29 (d, 2H), 7.42 (br d, 2H) , 7.51 (m, 3H), 7.58 (d, 

1H )r 7.73 (br t, 1H), 8.44 (d, 2H). Mass spectrum: (M+H) + = 
853. 

Example_ 146 

( .2 S, 4S) ~2> 4~Bis- (N- (N- (N- (3- (Cbz-ami n o) -3-methylbutyryl) - 
fl l yc i nv l )valinvl)amino)-1.5-diphenyl-3 -hydroxypentane. 
Using the procedure of Example 61 but replacing trans-3- 
(pyridinyl)acrylic acid with N-(3-(Cbz-amino)-3-methyl- 







-160- 

butyryl)glycine provided 261.2 mg ( 86 %) of the desired 
compound as a white solid. 1 H NMR (CDCI 3 ) S 0.66 (d, 3H) , 0.69 

(d, 3H), 0.75 (d, 3H), 0.77 (d, 3H) , 1.34-1.42 (four s, 12H) , 
1.72 (m, 1H), 1.96 (m, 1H), 2.46-2.65 (m, 4H), 2.81 (m, 1H), 

3.04-3.12 (m, 2H) , 3.27 (dd, 1H), 3.47 (d, 2H) , 3.55-3.69 (m, 
4H), 3.89 (m, 2H) , 4.37 (m, 1H), 4.69 (d, 1H), 5.03 (s, 4H), 

5.35 (br, 1H), 5.73 (br, 1H), 6.48 (br d, 1H), 6.55 (br d, 

1H), 6.70 (br, 1H), 6.84 (br d, 1H), 7.02 (br d, 2H) , 7.10- 

7.38 (m, 20H). Mass spectrum: (M+H) + = 1049. 

Example _142 

(2S.4S)-2,4-Bis-(N-(N-(N-(methox vcarbonyl)alvcinyl)- 
valin vl) amino)-1.5-diphenyl-3-hydroxYpentane. 

Using the procedure of Example 144 but replacing acetic 
anhydride with methyl chloroformate provided 77.0 mg ( 43 %) of 
the desired compound as a white solid. Mass spectrum: (M+H) + 

= 699. 


Example 148 

.(2S, 4SV-2,4-Bis- (N- (N- (N- ( 3 -amino-3-methylbutyryl) - 
fl l vc i nvl)valinvl) amino)- 1 .5-diphen vl-3-hydroxypentane. 
Using the procedure of Example 6 H but replacing the 
resultant compound of Example 6 G with the resultant compound 
of Example 146 provided 127.0 mg (95%) of the desired compound 
as a white solid. 1 H NMR (CDCI 3 ) 8 0.73 (t, 6 H), 0.87 (d, 6 H), 

1.23 (s, 6 H), 1.24 (s, 3H), 1.26 (s, 3H), 1.61 (br s, 5H), 

1.96 (m, 1H), 2.17-2.31 (m, 4H), 2.89 (m, 1H), 3.07 (m, 2H), 

3.27 (m, 1H), 3.53 (m,'lH), 3.58 (m, 1H), 3.70-3.77 (m, 6 H), 

4.04-4.18 (m, 2H), 6.56 (br d, 1H), 6.94 (br d, 1H), 7.14-7.26 
(m, 10H), 7.46 (br d, 1H), 7.83 (br d, 1H) , 8.34 (m, 2H) . 

Mass spectrum: (M+H) + = 781. 
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Example_112. 

(2S« 4S) -2 , 4-Bis- (N-(N-(N-(3-pyridinyl)glycinyl)valiny))- 
amino)-1.5-diphenvl-3-hydrox ypentane. 

Using the procedure of Example 61 but replacing trans-3- 
(pyridinyl)acrylic acid with N-(3-pyridinyl)glycine provided 
94.2 mg (80%) of the desired compound as a pale yellow solid. 
1 H NMR (DMSO-d6) 5 0.63 (d, 3H) , 0.70 (d, 6H) , 0.77 (d, •3H), 

1.73 (m, 1H), 1.92 (m, 1H), 2.56 (m, 2H) , 2.71 (d, 2H), 2.97 

(dd, 1H), 3.55-3.87 (m, 5H) , 4.03 (m, 2H), 4.24 (dd, 1H) , 5.36 
(d, 1H), 6.22 (two d, 2H), 6.86 (m, 2H) , 7.04-7.23 (m, 12H), 
7.52-7.59 (m, 3H), 7.74 (br d, 1H) , 7.78 (m, 2H) , 7.96 (m, 

2H). Mass spectrum: (M+H) + = 737. 

Example_ 

-L2-S. 4S) -2,4-Bis- (N- (N- (N- (2-pyridinyl) alvcinyl ) - 
y^linvl)amino)-1.5-diphe nyl-3-hydroxypentane. 

Using the procedure of Example 61 but replacing trans-3- 
(pyridinyl)acrylic acid with N—(2-pyridinyl)glycine provided 
119.9 mg (76%) of the desired compound as a pale yellow solid. 
1 H NMR (DMSO-d6) 8 0.58 (d, 3H) , 0.65 (d, 3H) , 0.69 (d, 3H), 

0.76 (d, 3H), 1.73 (m, 1H), 1.92 (m, 1H) , 2.57 (dd, 2H), 2.70 

(dd, 2H), 2.96 (dd, 1H), 3.78-3.85 (m, 5H), 4.00 (m, 2H), 4.22 
(dd, 1H), 5.29 (d, 1H), 6.49-6.58 (m, 4H) , 6.78 (m, 2H), 7.04- 
7.23 (m, 10H), 7.32-7.41 (m, 3H), 7.48 (br d, 1H), 7.53 (br d, 
2H), 7.94 (m, 2H). Mass spectrum: (M+H) + = 737. 

Example _151 

4S)~2 .4-Bis-(N-(N-(N-(3.3-dimethvlbutvl)alvcinvl)- 
Y alinvl)amino)-1.5-djphenyl-3-hvdrox v pentane. 

A solution of 200.0 mg (0.28 mmol) of the resultant 
compound of Example 142A in 5 ml of dimethylformamide was 
treated with 152 |ll (1.13 mmol) of 3,3-dimethylbutylamine. 

After being stirred at ambient temperature for 2 h, the 


solution was diluted with chloroform, washed with water, dried 
over MgS 04 , and concentrated in vacuo. Silica gel 
chromatography o‘f the residue using 10 % methanol in 
dichloromethane provided 155.5 mg (74%) of the desired 
compound as a white solid. 1 H NMR (DMSO-d 6 ) S 0.71-0.83 (four 

d, 12H), 0.85 (s, 18H), 1.33 (m, 4H), 1.78 (m, 1H), 1.98 (m, 

1H), 2.43 (m, 4H), 2.58 (m, 2H), 2.73 (m, 2H) , 2.96-3.12 (m, 

5H), 3.86 (m, 1H), 4.04 (m, 2H), 4.27 (dd, 1H), 5.33 (d, 1H), 

7.06-7.24 (m, 10H), 7.58 (br d, 2H), 7.64 (br d, 1H) , 7.81 (br 
d, 1H). Mass spectrum: (M+H) + = 751. 

Example_ 152 

( 2 S« 4S)-2.4-Bis-(N-(N-(N-(2-m e thoxyethyl)olycinyl)- 
Y a li nvl)amino) -1.5-diphenyl-3- h vdroxypentane. 

Using the procedure of Example 151 but replacing 3,3- 
dimethylbutylamine with 2 -methoxyethylamine provided 150.5 mg 
(77%) of the desired compound as a white solid. d-H NMR 
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7.77 (br d, 1H). Mass spectrum: (M+H) + = 699. 

Example_ 152 

( 2 S.4S)-2f 4-Bis-(N-(N-(Cbz-alan i nyl)valinyl)amino)- 1 . 5 - 
diphenvl-3-hvdroxyp entane. 

Using the procedure of Example 61 but replacing trans-3- 
(pyridinyl)acrylic acid with Cbz-D-alanine provided 171.1 mg 
(91%) of the desired compound as a white solid. Mass 
spectrum: (M+H) + = 879. 
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Example 154 

(2S, 3R, 4S) -2,4-B .i s- (N- (N- ( (2-Pvridinvl) m ethoxycarbonyl) - 
valinvl)amino) -5-(3.5-dim ethylphenyl)-3-hvdroxy-l- 

phenvloentane. 


- (2S, 3Rf 4 R) -2- (Cbz-amino) -3. 4-dlhydroxv-5- (3.5-dimethyl - 

Phenvl) - 1 -ohenvlpentane. 

A suspension of 235 mg (3.6 mmol) of zinc dust and 2.24 
g (6.0 mmol) of VCI 3 •(tetrahydrofuran )3 in 20 ml of dry 
dichloromethane was stirred under N 2 atmosphere for 1 h at 
25°C. Then 490 mg (3.3 mmol) of 3,5-dimethylphenyl- 
acetaldehyde was added to it in one portion and a solution of 
850 mg (3.0 mmol) of the resultant compound of Example 1A in 
20 ml of dichloromethane was added dropwise over a period of 
40 min. After being stirred at ambient temperature under N 2 
atmosphere for 6 h, the resulting mixture was added to 50 ml 
of 1 M aqueous HC1 and shaken vigorously for 1 min. The 
organic layer was washed with 1 M aqueous HC1, separated, 
dried over MgSC> 4 , and concentrated in vacuo. Silica gel 
chromatography of the residue using 20 % ethyl acetate in 
hexane provided 666.0 mg (51%) of the desired compound as a 
white solid. Mass spectrum: (M+H) + = 434. 

B-. - ( 2 S, 3R. 4S) -3-Acetoxv-4-bromo-2- (Cbz-a m ino) - 5 - ( 3 . 5 - 

dimethvlohenyll- 1 -p henylpentane. 

Using the procedure of Example 1C but replacing 
(2S,3R,4S,5S)—2,5-bis-(N-Cbz-amino)-3, 4-dihydroxy-1, 6 — 
diphenylhexane with the resultant compound of Example 154A 
provided, after silica gel chromatography using 25% ethyl 
acetate in hexane, 506.2 mg (62%) of the desired compound as a 
colorless oil. Mass spectrum: (M+NH 4 )+ = 555. 
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_(2S) -2- (Cbz-amino) -5- (3 .5-dimet hylphen yl) -l-phenylpent-3- 

ene-3.4-oxide. 

A solution of 480 mg (0.89 mmol) of the resultant 
compound of Example 154B and 72 mg (1.33 mmol) of sodium 
methoxide in 25 ml of tetrahydrofuran was stirred at ambient 
temperature for 2 h. The solution was diluted with 
dichloromethane, washed with water, dried over MgS 04 , and 
concentrated in vacuo. Silica gel chromatography of the 
residue using 25% ethyl acetate in hexane provided 328.1 mg 
(89%) of the desired compound as a oil which solidified upon 
standing. Mass spectrum: (M+H) + = 416. 

D_,-(2S. 3R. 4S) -4-Azido-2- (Cbz-amino) -5- (3.5-dimeth yl-phenyl) - 

3-hydroxy-1-phenylpentane. 

Using the procedure of Example 6D but replacing the 
resultant compound of Example 6C with the resultant compound 
of Example 154C provided 285.7 mg (86%) of the desired 
compound as a white solid. Mass spectrum: (M+NH 4 ) + = 476. 

£L.-(2S.3R.4S)-2.4- Diamino-5-(3.5-dimethylphenyl)-3-hydroxy-l- 

phenylpentane. 

Using the procedure of Example 6E but replacing the 
resultant compound of Example 6D with the resultant compound 
of Example 154D provided 109.1 mg (84%) of the desired 
compound as a white solid. Mass spectrum: (M+H) + = 299. 

E-.- L2S, 4S) -2. 4-Bis- (N- (N- ( (2-pyridinyl) methoxycarbonyl) - 

valinyl) amino)- 5-(3.5-dimethylphenyl)- 3-hydroxy-l- 

phenvloentane. 

Using the procedure of Example 6G but replacing the 
resultant compound of Example 6F with the resultant compound 
of Example 154E and replacing N-Cbz-valine p-nitrophenyl ester 
with the resultant compound of Example 2D provided 142.7 mg 
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(69%) of the desired compound as a white solid. 3 -h NMR 
(CDCI 3 ) 80.67 (d, 3H), 0.79 (d, 3H), 0.88 (d, 3H) , 0.92 (d, 

3H), 2.04 (m, 1H) , 2.22 (s, 6 H) , 2.31 (m, 1H), 2.83 (m, 1H), 
3.07 (m, 3H), 3.62 (m, 2H) , 3.78 (br t, 1H), 3.96 (m, 1H), 

4.10 (dd, 1H), 5.02-5.17 (m, 6 H), 5.76 (brd, 1H) , 6.21 (br 
d, 1H), 6.77 (brd, 3H), 7.09-7.31 (m, 9H) , 7.66 (m, 2H), 8.52 
(dd, 2H). Mass spectrum: (M+H) + = 767. 

Example 155 

(2S.3S.5S) -2. 5-Bis-(N-(N-((2-pyrid inyl)methoxycarbonyl)- 
va li nv l )amino) -1, 6-diohenvl-3-(trich l oroacetoxy)hexane. 
Using the procedure of Example 35 but replacing 
trifluoroacetic anhydride with trichloroacetic anhydride 
provided, after silica gel chromatography using 5 % methanol in 
dichloromethane, 102.8 mg ( 86 %) of the desired compound as a 
white solid. 1 H NMR (CDCI 3 ) 8 0.71 (d, 3H) , 0.74 (d, 3H), 0.82 

(d, 3H), 0.85 (d, 3H), 1.69 (m, 1H), 1.93 (m, 1H), 2.07 (m, 

2H), 2.72 (m, 2H), 2.86 (m, 2H), 3.81 (br t, 1H), 3.89 (br t, 
1H), 4.53 (br, 1H), 4.93 (m, 2H), 5.16-5.25 (m, 6 H), 5.92 (br, 
1H), 6.03 (br d, 1H), 7.12-7.24 (m, 12H), 7.36 (br t, 2H), 

7.73 (br t, 2H), 8.61 (br d, 2H). Mass spectrum: (M+H) + = 

897. 

EL&am ple _ 

I2.S-. 3 S, 5S) -2.5-Bis- (N- (N- ( (2-pyridinyl) methoxycarbonyl) - 
aalinvl)amino)- 1 .6-diphenyl -3-(propanoxy)hexane 
Using the procedure of Example 35 but replacing 
trifluoroacetic anhydride with propanoic anhydride provided 
106.1 mg (99%) of the desired compound as a colorless crystal. 
NMR (CDCI 3 ) 8 0.77 (d, 6 H), 0.85 (two d, 6 H), 1.15 (t, 3H), 

1.56 (m, 1H), 1.67 (m, 1H), 2.03 (m, 2H), 2.32 (q, 2H), 2.73 

(m, 4H), 3.85 (m, 2H), 4.28 (m, 1H), 4.56 (m, 1H), 4.89 (m, 

1H), 5.23 (s, 4H), 5.35 (br, 2H), 6.00 (br, 2H), 7.06-7.36 (m. 


"1 
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14H), 7.72 (br t, 2H) , 8.59 (br s, 2H). 
= 809. 



Mass 


spectrum: 


(M+H) + 


Exampl e 157 

( 2 S» 2S, 5S)-2.5-Bis-(N-(N-( (2-Pvridinyl)m ethoxycarbonyl) - 
^alinvl)amino) - 1 . 6-diphenyl-3-(meth oxyacetoxv)hexane. 

A suspension of 100 mg (0.13 mmol) of the resultant 
compound of Example 2E and 24.3 mg (0.20 mmol) of 4- 
dimethylaminopyridine in 10 ml of dichloromethane was treated 
with 0.017 ml (0.20 mmol) of methoxyacetyl chloride. The 
resulting mixture was stirred at ambient temperature for 1 h 
and then quenched with pH 6 buffer. The aqueous layer was 
extracted with dichloromethane. The combined organic layers 
was dried over MgS 04 , and concentrated in vacuo to provide 

107.0 mg (98%) of the desired compound as a white solid. 

NMR (CDCI 3 ) 8 0.74 (d, 3H), 0.77 (d, 3H), 0.83 (d, 3H), 0.86 

(d, 3H) , 1.66 (m, 2H), 2.04 (m, 2H), 2.73 (m, 4H), 3.45 (s, 

3H) , 3.86 (m, 2H), 4.01 (m, 2H) , 4.32 (m, 1H), 4.63 (m, 1H), 

4.98 (m, 1H), 5.22 (br s, 5H), 5.30 (br d, 1H), 5.92 (br d, 

1H), 6.11 (brd, 1H), 7.07 (brd, 2H), 7.15-7.24 (m, 10H) , 
7.36 (br t, 2H), 7.71(tt, 2H), 8.59 (br t, 2H). Mass 
spectrum: (M+H) + = 825. 


E xam ple _ 158 

I 2 S . 4 .. 3 S, 5S) -2,5-Bis - (R- (N- ( (2- ovridinvl) methoxvcarbonvl ) - 
valinvl)amino)-1.6-diphe nyl-3-(formoxv)hexane. 

Using the procedure of Example 35 but replacing 
trifluoroacetic anhydride with acetic formic anhydride 
provided 106.3 mg (100%) of the desired compound as a white 
solid, m.p. 206-207 °C. X H NMR (CDCI 3 ) 8 0.73 (two d, 6 H), 

0.84 (two d, 6 H), 1.68 (m, 2H), 2.06 (m, 2H), 2.65-2.79 (m, 
4H), 3.85 (m, 2H), 4.36 (br, 1H) , 4.68 (br q, 1H), 5.00 (br t, 
1H), 5.14-5.28 (m, 6 H), 5.87 (br, 1H), 6.04 (brd, 1H), 7.07 
(br d, 2H), 7.13-7.23 (m, 10H), 7.34 (br d, 2H), 7.69 (td. 
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2H), 8.04 

(br, 1H), 8 

.58 (br t, 

2H). Mass spectrum: 

: (M+H) + 

781 . 





Anal. 

Calcd for 

C43H52N608 

•0.5H2O: C, 65.38; 

H, 6.76; 

N, 10.64; 

Found: C, 

65.69; H, 

6.75; N, 10.60. 



Example_1S1 

(2Sf 3£. 5 S)~2 « 5-Bis- (N-(N-((N-meth y l-N-((2-pyridinyl ) - 
methyl)amino)c arbonvl) valinvl)amino)-l.6-diphenvi-3- ( <n.n- 
dimethvlamino)acetoxy) hexane. 

A. X2S. 3S. 5S) -2.5-Bis- (N- (N- ((N-methvl-N- ( 12- 
pyr i dinv l )methv l )am i no) ca rbonvl)valinvl)amino)-l.6-diphenyl-3- 

Ibromoacetoxy)h exane. 

A suspension of 100 mg (0.13 mmol) of the resultant 
compound of Example 3G and 23.5 mg (0.19 mmol) of 4- 
dimethylaminopyridine in 2 ml of dichloromethane was treated 
with 0.022 ml (0.26 mmol) of bromoacetyl bromide.. The 
resulting mixture was stirred at ambient temperature for 5 h 
and then quenched with pH 6 buffer. The organic layer was 
diluted with dichloromethane, separated, dried over Na 2 SC> 4 , 
and concentrated in vacuo to provide, after silica gel 
chromatography using 10% methanol in dichloro-methane, 97.8 mg 
(85%) of the desired compound as a white solid. Mass 
spectrum: (M+H) + = 899. 

B-.- (2S t 3S. 5S) -2.5-Bis- (N- (N- ( (N-methyl - N- ( (2-pyridinyl) - 

methyl)amin o)carbonvl) valinvl)amino)-l.6-diphenyl-3-((N.N- 
dimethvlamino)a cetoxy^ hexane. 

A solution of 115.5 mg (0.13 mmol) of the resultant 
compound of Example 159A in 5 ml of dichloromethane was 
treated with 0.020 ml (0.26 mmol) of dimethylamine (1.3 M in 
diethyl ether). After being stirred at ambient temperature 
for 0.5 h, the solution was diluted with dichloromethane, 
washed with water, dried over Na 2 S 04 , and concentrated in 
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vacuo. Silica gel chromatography of the residue using 5 % 
methanol in dichloromethane provided 81.7 mg ( 73 %) of the 
desired compound as a white solid, m.p. 109-111°C. 1 H NMR 
(CDCI 3 ) 8 0.79-0.88 (four d, 12H), 1.12 (m, 1H), 1.19 (m, 1H), 

2.13 (m, 2H), 2.37 (s, 6 H), 2.61-2.84 (m, 4H), 2.98 (s, 6 H), 

3.13 (br s, 2H), 4.04 (m, 2H), 4.30 (m, 1H) , 4.43-4.58 (m, 

5H), 5.02(br t, 1H), 6.01 (br, 1H), 6.12 (br, 1H), 6.20 (br, 
2H), 6.52 (br d, 1H), 7.06-7.27 (m, 14H), 7.69 (m, 2H), 8.53 
(m, 2H). Mass spectrum: (M+H) + = 864. 

Anal. Calcd for C 48 H 65 N 9 O 6 : C, 66.72; H, 7.58; N, 
14.59; Found: C, 66.35; H, 7.55; N, 14.69. 

Example 160 

12S.3S.5S) -2. 5-Bis- (N-(N- ( (N-met hyl-N-((2-pyridinyl)- 
mat hvl)amino)carbonvl)valinyllamino)- 1 . 6 -diphenvl- 3 - ( 1 - (2- 

propoxv)ethoxv)hexane. 

A solution of 80 mg (0.10 mmol) of the resultant compound 
of Example 3G and 40 mg (0.16 mmol) of pyridium p- 
toluenesulfonate in 4 ml of acetonitrile was treated with 4 ml 
of isopropyl vinyl ether. The resulting mixture was stirred 
at ambient temperature under N 2 for 20 h and then quenched 
with pH 6 buffer. The aqueous layer was extracted with 
dichloromethane. The combined organic layers were dried over 
Na 2 SC >4 and concentrated in vacuo. Silica gel chromatography 
of the residue using 10 % methanol in dichloromethane provided 
86.1 mg (97%) of the desired compound as a white solid. 

NMR (CDCI 3 ) 8 0.73 (d, 3H), 0.77 (d, 3H) , 0.86 (two d, 6 H), 

1.08 (m, 6 H), 1.24 (dd, 3H), 1.61-1.75 (m, 3H), 2.12 (m, 1H), 
2.21 (m, 1H), 2.64-2.92 (m, 4H), 2.96 (two d, 6 H), 3.53-3.75 
(m, 2H), 4.00-4.14 (m, 2H), 4.33-4.64 (m, 6 H), 5.94-6.47 (m, 

4H), 7.10-7.24 (m, 14H), 7.22 (td, 2H), 8.54 (m, 2H). Mass 
spectrum: (M+H) + = 864. 

Anal. Calcd for C 49 H 68 N 8 O 6 : C, 68.03; H, 7.92; N, 

12.95; Found: C, 67.67; H, 7.90; N, 12.95. 
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Example 161 

(2S,3S« 5S )~2,5-B i s- (N-(N~( (N-methyl-N- ( ( 2 -pyridinyl)- 
methvl)amino)carbonvl)valinvl) amino)-1.6-diphenvl-3- (( (N- (2- 
hvdrQXvethvl)-N-methvl)amino)acetoxy)hexane. 

A solution of 100 mg (0.11 mmol) of the resultant 
compound of Example 159A in 5 ml of dichloromethane was 
treated with 0.018 ml ( 0.22 mmol) of 2 -(methylamino)-ethanol. 
After being stirred at ambient temperature for 1 h, the 
solution was diluted with dichloromethane, washed with water, 
dried over Na 2 SC> 4 , and concentrated in vacuo. Silica gel 
chromatography of the residue using 10 % methanol in 
dichloromethane provided 27.9 mg (28%) of the desired compound 
as a white solid. 1 H NMR (CDCI 3 ) 5 0.79 (d, 6 H), 0.84 (t, 6 H), 

1.73 (br, 2H), 2.08 (m, 1H), 2.17 (m, 1H), 2.48 (s, 3H), 2.64- 
2.84 (m, 6H), 2.96 (s, 3H), 3.00 (s, 3H), 3.43 (br, 1H), 3.72 

(br, 2H), 4.04 (m, 2H), 4.38 (m, 1H), 4.42-4.57 (m, 6H), 5.07 

(td, 1H), 6.09 (br, 2H), 6.97 (brd, 2H), 7.08-7.26 (m, 14H), 

7.69 (td, 2H), 8.52 (m, 2H). Mass spectrum: (M+H) + = 894. 

Anal. Calcd for C 49 H 67 N 9 O 7 -CH30H: C, 64.84; H, 7.73; 

N, 13.61; Found: C, 65.08; H, 7.52; N, 13.41. 

Example 162 

12 S.3S,5S)-2.5-Bis-(N-(N- ( (N-methy l-N- ( (2-pyridinyl)- 
methy l )am i no)carbonv l )va linvl)amino)- 1 .6-diphenvi-3- (( (N— < 2- 
acetoxvethvl)-N-methyl)amino)ace toxy)hexane. 

A solution of 20.6 mg (0.023 mmol) of the resultant 
compound of Example 161 and 5 .6 mg (0.046 mmol) of 4 - 
dimethylaminopyridine in 2 ml of dichloromethane was treated 
with 3.3 JJ.1 (0.035 mmol) of acetic anhydride. The resulting 

mixture was stirred at ambient temperature for 1.5 h and then 
quenched with pH 6 buffer. The organic layer was diluted with 
dichloromethane, separated, dried over Na 2 S 04 , and 


concentrated in vacuo. Silica gel chromatography of the 
residue using 10% methanol in dichloromethane provided 19.3 mg 
(92%) of the desired compound as a white solid. ■'•H NMR 
(CDCI 3 ) 8 0.80 (d, 6 H), 0.86 (d, 6 H), 1.60 (m, 1H), 1.71 (m, 

1H), 2.08 (s, 3H), 2.13 (m, 2H) , 2.45 (s, 3H), 2.49-2.79 (m, 

4H), 2.84 (t, 2H), 2.97 (s, 6 H), 3.29 (q, 2H), 4.04 (q, 2H) , 

4.17 (t, 2H), 4.31 (m, 1H), 4.48 (br t, 4H) , 4.56 (m, 1H), 

5.01 (br t, 1H) , 6.01 (br, 1H), 6.12 (br, 1H), 6.21 (br d, 

1H) , 6.48 (br d, 1H) , 7.07-7.25 (m, 14H), 7.68 (m, 2H), 8.53 
(br t, 2H). Mass spectrum: (M+H) + = 936. 

Anal. Calcd for C 51 H 69 N 9 O 8 : C, 65.43; H, 7.43; N, 

13.47; Found: C, 65.18; H, 7.10; N, 13.42. 

Example _ 163 

(2S.3S.5S) -2. 5-Bis-(N-(N-((N-methyl-N-((2-Pvridinyl)- 
methyl)amino)carbonyl)valinyl)a mino)-1.6-diphenyl-3- 
lasetoxymethoxy)hexane. 


K. - (2S,3S.5S)-2.5-Bis-(N-(benzylidene)amino)-1.6-diphenyl-3- 

hydroxyh^xane. 

A solution of 150 mg (0.53 mmol) of the resultant 
compound of Example IE in 6 ml of tetrahydrofuran was treated 
with 0.11 ml of benzaldehyde. After being stirred at ambient 
temperature under N 2 atmosphere for 3 h, concentrated in 
vacuo, and left on oil pump for 1 day to provide the crude 
desired compound. Mass spectrum: (M+H) + = 461. 

IL- 12S.3S.5S) -2.5- Bis-(N-(benzylidene)amino)-1.6-diphenyl-3- 

(2-methyl-2-propenoxy )hexane. 

A solution of the crude resultant compound of Example 
163A in 6 ml of tetrahydrofuran was treated with 0.58 ml of 1 
M solution of sodium bis(trimethylsilyl)amide in 
tetrahydrofuran at 0°C under N 2 atmosphere. The resulting 
mixture was stirred for 40 min and then treated with 3-iodo-2- 
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methylpropene. Stirring was continued at 0°C for 1 h and at 
ambient temperature for 5 h. Evaporating of the solvent 
provided the crude desired compound. 1 H NMR (CDCI 3 ) 8 1.71 (s, 

3H), 2.07 (m, 1H), 2.33 (m, 1H) , 2.82-3.11 (m, 4H) , 3.52 (m, 

2H), 3.68 (m, 1H), 3.94 (s, 2H) , 4.80 (s, 1H) , 4.92 (q, 1H), 
7.02-7.37 (m, 16H), 7.54-7.58 (m, 4H) , 7.72 (s, 1H) , 7.88 (s, 
1H). Mass spectrum: (M+H) + = 515. 

-( 2 S, 3S, 5S) -2. 5-Diamino-l. 6-dip henyl-3- (2-methyl-2- 

propenoxv)hexane. 

A solution of the crude resultant compound of Example 
163B in 6 ml of tetrahydrofuran was treated with 6 ml of 1 M 
aqueous HC1 and stirred at ambient temperature for 1.5 h. The 
reaction mixture was extracted with three 10 ml portions of 
hexane. The aqueous layer was neutralized with sodium 
bicarbonate and then extracted with five 10 ml portions of 
dichloromethane. The combined organic layers was dried over 
Na 2 SC> 4 , and concentrated in vacuo. Silica gel chromatography 
of the residue using 2 % isopropylamine and 5 % methanol in 
dichloromethane provided 114.0 mg (64%, 3 steps) of the 
desired compound as a oil. Mass spectrum: (M+H) + = 339. 

E-.- (2S r 3S, 5S) -2 «-5-Bis- (N- (N- ( (N-m e thyl-N- ( ( 2-pyridiny 1 ) - 

methy l )amino)carbonyl)valinvl)ami n o)-1.6-diphenvl-3- ( 2-mg+hyl- 

2-prooenoxy)h exane. 

Using the procedure of Example 6 G but replacing the 
resultant compound of Example 6 F with the resultant compound 
of Example 163C and replacing N-Cbz-valine p-nitrophenyl ester 
with the resultant compound of Example 3F provided 228.4 mg 
(93%) of the desired compound as a white solid. Mass 
spectrum: (M+H) + = 833. 
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E-.-(2 S« 3S t 5S) -2,5-Bis- (N- (N- ( (N-methyl-N - ( (2-pyridinyl ) - 

methy l ) am i n o)carbonv l ) valinvl)amino)- 1 .6-diphenyl-3- 
(acetoxvmethoxv)hexane. 

A stream of ozone was passed through a solution of 150 mg 
(0.18 mmol) of the resultant compound of Example 163D in 9 mL 
of 5:1 CH 2 Cl 2 /MeOH at -78°C until the faint blue color of 
ozone persisted. The mixture was then purged with N 2 for 10 
min and then concentrated in vacuo. The residue and 11.1 mg 
(0.09 mmol) of 4-dimethylaminopyridine were dissolved in 6 ml 
of dichloromethane, 35.1 |il (0.27 mmol) of triethylamine and 
20.4 (11 (0.22 mmol) of acetic anhydride were added. The 
resulting mixture was stirred at 40 °C for 2 h and then 
quenched with pH 6 buffer. The organic layer was diluted with 
dichloromethane, separated, dried over Na 2 SC> 4 , and 
concentrated in vacuo to provide, after silica gel 
chromatography using 10 % 2 -propanol in dichloromethane, 90.7 
mg (59%) of the desired compound as a white solid. 1 H NMR 
(CDCI 3 ) 5 0.72 (d, 3H), 0.78 (d, 3H) , 0.84 (d, 6 H), 1.54 (m, 

1H), 1.73 (m, 1H), 1.99 (s, 3H) , 2.14 (m, 2H), 2.63-2.87 (m, 

4H), 2.96 (s, 3H), 2.98 (s, 3H), 3.66 (dd, 1H), 4.00-4.11 (m, 

2H), 4.33 (m, 1H), 4.40-4.53 (m, 4H), 4.62 (m, 1H), 5.18 (dd, 

2H), 6.08 (br, 2H), 6.22 (br d, 1H), 6.28 (br d, 1H), 7.08- 
7.23 (m, 14H), 7.71 (m, 2H), 8.54 (m, 2H). Mass spectrum: 

(M+H) + = 851. 

Anal. Calcd for C 47 H 62 N 8 O 7 •li-PrOH: C, 65.91; H, 7.74; 

N, 12.30; Found: C, 66.14; H', 7.64; N, 12.21. 

Example 164 

■(2Sr 3Sr 5S) - 2 , 5-B i s- (N- (3- (3-Pvridinvl)propano v l) amino) -1. 6- 

diPhenvl-3-hvdroxvhexane. 

Using the procedure of Example 61 but replacing the 
resultant compound of Example 6 H with the resultant compound 
of Example IE and replacing trans-3—(pyridinyl)- acrylic acid 
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with 3-(3-pyridinyl)propanoic acid provided 42.1 mg (47%) of 
the desired compound as a white solid. 1 H NMR (DMS0-d6) 5 

1.33 (m, 2H), 2.24 (t, 2H), 2.33 (t, 2H) , 2.57-2.72 (m, 8H) , 
3.59 (m, 1H), 4.07 (m, 2H), 4.76 (d, 1H),7.02 (d, 2H), 7.10- 
7.27 (m, 10H), 7.52 (m, 3H), 7.58 (br d, 1H), 8.37 (m, 4H). 
Mass spectrum: (M+H) + = 551. 

Example 165 

(2S,3S,5S)-2,5-B i s-(N~ (N- (3-Pvrid in v l ) glvcinyl)amino)-1.6- 

diphenvl-3-hydroxyh exane. 

Using the procedure Of Example 61 but replacing the 
resultant compound of Example 6H with the resultant compound 
of Example IE and replacing trans-3-(pyridinyl)- acrylic acid 
with N-(3-pyridinyl)glycine provided 29.1mg (44%) of the 
desired compound as a white solid. 1 H NMR (DMSO-d6) 8 1.39 


(m, 

2H) , 

2.55 

(m, 

2H) , 

2.67 

(d, 

2H), 3.43-3.58 

(m, 

5H), 4.14 

(m. 

2H) , 

4.87 

(d. 

1H) , 

6.07 

(br 

t, 1H), 6.16 (br t. 

1H), 6.65 

(m. 

2H) , 

7.01 

(m. 

4H) , 

7.11- 

■7.24 

<m, 8H), 7.53 

(br 

d, 1H), 


7.65 (br d, 1H), 7.78 (d, 2H) , 7.93 (t, 2H). Mass spectrum: 
(M+H) + = 553. 

Example_LM 

1 2 £<- 3S, 5S)~2,5-Bis- (N- (-.(3-Pvrazinvl) me t hoxycarbonvl) -amino) - 

1,6-diphenvl-3-hydro xvhexane. 

- Pheny l —( (2-Pvrazinvl)methoxy) formate. 

Using the procedure of Example 176 but replacing 2- 
(hydroxymethyl)pyridine with 2-(hydroxymethyl)pyrazine 
provided 188.9 mg (70%) of the desired compound as a yellow 
oil. 

B-.-L2 S. 3S. 5S) -2.5-Bis- (N- ( (3-pyr a zinyl)methoxycarbonyl)- 

am ino) -1 .-6-diphenvl-3-hvdroxyhexane. 

Using the procedure of Example 176 but replacing the 
resultant compound of Example 176A with the resultant 
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compound of Example 166A provided 21.2 mg (36%) of the 
desired compound as a white solid. NMR (CDCI 3 ) 8 1.70 (t, 

2H ), 2.78 (d, 2H), 2.88 (d, 2H) , 3.12 (d, 1H) , 3.72 (br, 1H) , 
3.83 (m, 1H), 4.00 (m, 1H), 4.99 (br d, 1H), 5.22 (m, 5H) , 
7.09-7.27 (m, 10H), 8.54 (m, 6 H). Mass spectrum: (M+H) + = 
557 . 

Example_ 167 

12S,3S.5S)-2. 5-Bis-(N -((5-pyrimidinyl)- 
methoxycarbonyl)amino)- 1 ,6-diphenvl-3-hvdroxvhexane. 

Aj - p-N i trophenyl —( (5-Pvrimidiny l)methoxv)formate. 

Using the procedure of Example 175 but replacing 4- 
(hydroxymethyl)pyridine with 5-(hydroxymethyl)pyrimidine 
provided 433.4 mg (77.5%) of the desired compound as a white 
solid. 


B-.-(2S, 3S , 5S) - 2 .5-Bis- (N- ( (3-pyrimidinyn - 

methoxvcarbonvl)amino)- 1 .6-diphenyl-3-hy droxyhexane. 
Using the procedure of Example 175 but replacing the 
resultant compound of Example 175A with the resultant 
compound of Example 167A provided 45.8 mg (78%) of the 
desired compound as a white solid. NMR (CDCI 3 ) 5 1.66 (m, 

2H), 2.76 (d, 2H), 2.85 (d, 2H), 2.88 (m, 1H), 3.67 (br, 1H), 
3.81 (m, 1H), 3.95 (m, 1H), 4.87-5.14 (m, 6 H), 7.04-7.28 (m, 
10H), 8.70 (d, 4H), 9.19 (s, 2H). Mass spectrum: (M+H) + = 

557 . 


Example 168 

12 S.3S.5S)-2 .5-Bis-(N-((3.5-dimethyl-4 - isoxazolyll- 
methoxvcarbonvl) amino) -1. 6-dip h enyl-3-hydroxyhexane. 

A- - Phenyl ( (3, 5-dimethvl-4-isoxazolvl)meth o xv)formate. 

Using the procedure of Example 175 but replacing 4- 
(hydroxymethyl)pyridine with 3,5-dimethyl-4- 

(hydroxymethyl)isoxazole provided 0.79 g (69%) of the desired 
compound as a pale yellow oil. 
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B--(2S. 3S. 5S) -2,5-Bis- (N-((3.5-dimethyl-4 -isoxazolyl ) - 

methoxvcarbonvl)amino)-1. 6-dlphenyl-3-hYdroxvhexane. 
Using the procedure of Example 175 but replacing the 
resultant compound of Example 175A with the resultant 
compound of Example 168A provided 57.1 mg (92%) of the 
desired compound as a white solid. ^-H NMR (DMS0-d6) 8 1.44 

(br t, 2H), 2.11 (s, 6 H) , 2.28 (s, 3H), 2.30 (s, 3H) , 2.64 
(m, 4H), 3.53 (m, 1H), 3.82 (m, 2H) , 4.65 (d, 1H), 4.72 (m, 

4H), 6.80 (brd,1H), 7.02 (brd, 1H) , 7.06-7.21 (m, 10H). 

Mass spectrum: (M+H) + = 591. 

Example 169 

(2S,3S.5S)-2-(N-(N- ( (N-methyl-N-((2- pyridinyl)- 
methvl)amino)carbonyl)isoleucinyl)amino)-5-(N- ( (3- 
Pvridinvl)methoxvcarbonvl)amin o)- 1 . 6 -diphenvl- 3 -hvdroxyhexane. 

A mixture of 40 mg (0.095 mmol) of (2S,3S,5S)-2-amino-5- 
(N-((3-pyridinyl)methoxycarbonyl)amino)-1,6-diphenyl-3- 
hydroxyhexane from Example 37B and 57.3 mg (0.14 mmol) of the 
resultant compound of Example 16C in 1 ml of dry 
tetrahydrofuran was stirred at ambient temperature for 16 h. 
The solvent was then removed in vacuo, and the residue was 
purified by silica gel chromatography using 5 % methanol in 
dichloromethane provided 62.1 mg (96%) of the desired compound 
as a white foamy solid. 1 H NMR (CDCI 3 ) 8 0.82 (t, 3H), 0.88 

(d, 3H), 1.03 (m, 1H), 1.23 (m, 1H), 1.65 (t, 2H), 1.97 (m, 

1H), 2.72 (dd, 2H), 2.82 (dd, 2H), 2.94 (s,3H), 3.65 (br, 1H), 
3.96 (br q, 1H) , 4,09 (m, 2H) , 4.44 (s, 2H) , 5.03 (dd, 2H) , 
5.32 (br d, 1H), 6.49 (br d, 2H), 7.08-7.26 (m 14H), 7.59 (br 
d, 1H), 7.71 (td, 1H), 8.49 (dt, 1H), 8.54 (dd, 2H). Mass 
spectrum: (M+H) + = 681. 

Anal. Calcd for C 39 H 48 N 6 O 5 •0.5H20: C, 67.90; H, 7.16; 

N, 12.18; Found: C, 67.71; H, 7.03; N, 12.13. 


-176- 

Example_ 170 

(2Si3S.5S)-2-(N-(N-((2-pyridi nyl)methoxycarhonyl)- 
i so l eucinvl)arnino)-5-(N-((3-pyridi nyl)methoxycarbonyl)-amino)- 

. L. 6-diphenvl-3-hvdroxyhexane. 

Using the procedure of Example 169 but replacing the 
resultant compound of Example 16C with the resultant compound 
of Example 25C provided 37.4 mg (77%) of the desired compound 
as a white solid. iH NMR (CDCI 3 ) 8 0.82 (t, 3H) , 0.84 (d, 3H), 

0.97 (m, 1H), 1.25 (m, 1H), 1.64 (m, 2H), 1.86 <m, 1H), 2.75 
(br d, 2H), 2.84 (d, 2H), 3.68 (m, 1H) , 3.96 (br t, 2H), 4.10 
(m, 1H), 5.03 <dd, 2H), 5.13-5.32 (m, 4H) , 6.28 (br d, 1H) , 

7.07 (d, 2H), 7.17-7.27 (m, 11H) , 7.32 (d, 1H), 7.58 (dt, 1H), 
7.70 (td, 1H), 8.56 (m, 3H). Mass spectrum: (M+H) + = 668 . 

Anal. Calcd for C 38 H 45 N 5 O 6 •0.75H20: C, 66.99; H, 6.88; 

N, 10.28; Found: C, 66.87; H, 6 . 66 ; N, 10.18. 

Example 171 

(2S,3S,5S)-5-(N-(N-((N-me t hyl-N-((2-pyridinyl)- 
m ethvl)amino)carbonvl)isoleucinvl)amino)-2-(N-((3- 
PYr i d i ny l )methoxvcarbonvl)amino)-1.6-dipheny l -3-hYdroxvhexane. 

Using the procedure of Example 169 but replacing 

(2S,3S,5S)-2-amino-5-(N-((3-pyridinyl)methoxycarhonyl)amino)- 
1,6-diphenyl-3-hydroxyhexane with (2S,3S, 5S)-5-amino-2-(N- 
((3-pyridinyl)methoxycarbonyl)amino)- 1 , 6 -diphenyl- 3 - 
hydroxyhexane from Example 37B provided 62.1 mg (96%) of the 
desired compound as a white foamy solid. ■'•H NMR (CDCI 3 ) 8 0.82 
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8.47 (br d, 1H), 8.28 (br d, 2H). Mass spectrum: (M+H) + = 
681. 


-177- 


Anal. Calcd for C 39 H 48 N 6 O 5 •0.5H20: C, 67 90; H, 7.16; 

N, 12.18; Found: C, 67,54; H, 7.01; N, 12,10. 

Example 172 

12S , «3S, 5S)-5-(N- (N- ( (2-pyridin y l)methoxvcarbonyl)- 
■i so l euc i ny l )am i no )- 2 -(N-((3-Pv ridinvl)methoxycarbonvl)-amino)- 

1.6-diphe nyl-3-hydroxyhexane. 

Using the procedure of Example 171 but replacing the 
resultant compound of Example 16C with the resultant compound 
of Example 25C provided 25.9 mg (56%) of the desired compound 
as a white solid. *H NMR (CDCI 3 ) 8 0.80 (t, 3H), 0.84 (d, 3H), 

1.22 (m, 2H), 1.63 (m, 2H), 1.92 (m, 1H), 2.75 (br t, 2H), 

2.86 (br d, 2H), 3.67 (m, 1H), 3.80 (m, 1H), 3.94 (br t, 1H), 
4.16 (m, 1H), 5.04 (dd, 2H), 5.13-5.30 (m, 4H), 6.40 (br, 1H), 
7.09-7.34 (m 14H), 7.59 (br d, 1H), 7.62 (br d, 1H), 8.58 (m, 
3H). Mass spectrum: (M+H) + = 668 . 

Anal. Calcd for C 38 H 45 N 5 O 6 * 0. 5 H 20 : C, 67 44; H, 6.85; 

N, 10.35; Found: C, 67.71; H, 6.72; N, 10.30. 

Example 173 

I 2S,3R,4R,5S)~2.4-D i - IN-fN-methv l-N-(2-pyridvlmethyl)amino- 
carbonvll-L-Valvl)amino-3. 4-dihydroxy-1. 6 -di-M- 
hvdroxvphenvl)hexane 

A-—(2S.3R.4R,5S)-2.5-Di(toluen esulfonylamino)- 1 . 6 -di- <4- 
methoxvmethvoxvphenvl)-3.4-Q-isopropy lidene hexane 
To a solution of l-iodo-4-methoxymethoxybenzene (2.112 
mg, 8.0 mmol) dissolved in anhydrous ether (25 mL) and cooled 
in a dry ice/acetone bath was added 1.1M butyl lithium (5.2 
mL, 8.8 mmol). After 2 hours, the mixture was cannulated 
into a mixture of copper(I) bromide dimethylsulfide (820 mg, 

4.0 mmol) in ether (10 mL) cooled to -30 °C. After 30 
minutes, 1 , 2 -di (l-tosylaziridin- 2 -yl)- 1 - 0 , 2 -O-isopropylidine 
ethane (492 mg, 1.0 mmol) in ether was added. The reaction 
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mixture was allowed to warm gradually to 0 °C and was stirred 
for 2 hours before quenching with ammonium hydroxide/ammonium 
chloride. After 30 minutes, the mixture was filtered and the 
filtrate diluted with ethyl acetate, dried over magnesium 
sulfate and concentrated under reduced pressure. The residue 
obtained was chromatographed on silica gel eluting with 30% 
ethyl acetate in hexane to give the title compound (132 mg). 

B-—(2S.3R.4R.5S)-2.5-Diamino-3. 4-O-isopropylidene-l.6-di(4- 

methoxvmethoxvphenvl) hexane 
The compound resulting from Example 173A (387 mg, 0.564 
mmol) dissolved in ether (10 mL) was added to liquid ammonia 
(125 mL) cooled in a dry ice/acetone bath Small pieces of 
sodium metal were added until the blue color remained; the 
color was maintained by adding small pieces of sodium over 
the next 30 minutes. The reaction was quenched using solid 
ammonium chloride, the cooling bath was removed and the 
ammonia allowed to evaporate. The residue was dissolved in 
methylene chloride, washed with IN sodium hydroxide, dried 
over magnesium sulfate, and concentrated under reduced 
pressure to give crude title compound (211 mg). 

(2Sr3R.4R.5S)-2.5-Di-fN- (N-methyl-N- (2- 
ayridvlmethvl)amino-carbonyll -L-Valvl)amino-3.4-Q- 
■i sopropylidene-l. 6-di (4-hyd roxyphenyl) hexane 
The compound resulting from Example 173B (210 mg, 0.456 
mmol) was treated with N-[N-methyl-N-(2-pyridylmethyl)amino- 
carbonyl] -L-Valine 4-nitrophenyl ester (610 mg, 1.5 mmol) in 
tetrahydrofuran (2 mL) and dimethylformamide (1 mL). The 
reaction mixture was stirred overnight at room temperature 
and then concentrated under reduced pressure. Chromatography 
on silica gel eluting with 5% methanol in methylene chloride 
afforded the title compound (381 mg, 87%). 



(2S.3R,4R,5S)-2.5-Di-fN-fN-methvl -N -(?- 
Pvridvlmethvl)Amino- carbonyll-L-Valyllamino-3. 4-Hihydroxy- 
1.,.6-di (4-hydroxyphenyl) hexanp 
The compound resulting from Example 173C (233 mg, 0.244 
mmol) was dissolved in 90% trifluoroacetic acid in water (4 
mL) and kept in a freezer overnight. The reaction mixture 
was diluted with methylene chloride and washed with sodium 
bicarbonate and sodium chloride solutions. The separatory 
funnel was extracted with chloroform/methanol/isopropyl 
alcohol and the combined organic extracts' were dried over 
magnesium sulfate and concentrated under reduced pressure. 
Chromatography on silica gel eluting with 10% methanol in 
methylene chloride afforded the title product. *H NMR 

(CD 3 OD, 300 MHz) 8 0.77 (d, 6 H), 0.80 (d, 6 H), 1.90 (m, 2H), 

2.74 (d, 4H), 3.94 (d, 2H), 4.50 (m, 2H), 4.59 (d of d, 4H), 

6.61 (m, 4H), 7.05 (m, 4H), 7.31 (m, 4H), 7.83 (m, 2H), 8.50 

(m, 2H). MS (FAB) m/e 827 (M+H) + . 


Example 174 

I2 S> 3S,5S)~2.5-DiIN- r3-Pvridvlmethyl)oxy-c a rbonyllamino)-3- 

hvdroxv- 1 . 6 -diphenyl hexane 
To the compound resulting from Example IE (2.205 g, 

7.866 mmol) dissolved in anhydrous dimethylformamide (10 mL) 
was added ((3-pyridinyl)methyl)-(4-nitrophenyl)carbonate 
(6.385 g, 0.0233 mmol). After 5.5 hours, the solvent was 
removed under reduced pressure and the residue dissolved in 
methylene chloride, washed with sodium bicarbonate and brine, 
dried over magnesium sulfate and concentrated under reduced 
pressure. The residue obtained was chromatographed on silica 
gel eluting with a gradient of methanol in methylene chloride 
(2%,5%,10%) to afford the title compound (2.215 g, 52%). 

NMR (DMS0-d 6 , 300 MHz) 8 1.50 (m, 2H) , 2.50-2.75 (m, 4H), 3.55 


/ 




(m, 

(m, 


1H) , 
12H) , 


3.87 

7.33 


(m, 

(m, 


2H) , 
2H) , 
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4.98 (d, 4H), 
7.60 (m, 2H), 


6.95 (d, 1H) , 7.00-7.27 
8.50 (m, 3H). Anal 


calcd for C 32 H 34 N 4 O 5 •0.33 H 2 0: C, 68.64; H, 5.97; N, 9.89. 


Found: C, 68.57; H, 6.19; N, 10.00. MS (DCI/NH 3 ) m/e 555 

(M+H) + . 


Example 175 

I2 S,3S, 5S)-2,5-DifN-T (4-Pvridvlmethyl) oxv-carbonvllamino) -3- 

hvdroxv- 1 ,6-diohenyl hexane 

(4-PVr idinvl) methvl)-(4-nitrophenvl) carbonate 
To a solution of 4-pyridylcarbinol (169 mg, 1.0'mmol) 
and 4-methylmorpholine (NMM) (165 | 1 L, 1.5 mmol) dissolved in 

methylene chloride ( 1.0 mL) and cooled in an ice bath was 
added (4-nitrophenyl)chloroformate (300 mg, 1.5 mmol). After 
1.33 hours, additional methylene chloride (1 mL) was added. 
After 2.5 hours, the reaction mixture was treated with 
methylene chloride and water and filtered. The filtrate was 
washed with water, saturated sodium bicarbonate solution and 
brine, dried over magnesium sulfate and concentrated under 
reduced pressure. The residue obtained was chromatographed 
on silica gel eluting with methylene chloride and 1 % going to 
2 % methanol in methylene chloride to afford the title 
compound (83 mg). 

B._ ( 2 S. 3S, 5S) -2.5-Di (N- T 4-Pvridvlmethvl) o xv-carbonvl 1 amino 1 - 

3-hvdroxv-1. 6 -diphen yl hexane 
The compound resulting from Example 175A (213 mg, 0.777 
mmol) and the compound resulting from Example IE (70 mg, 

0.246 mmol) were dissolved in dimethylformamide (0.8 mL) and 
stirred at room temperature for 3 days. The solvent was 
removed under reduced pressure and the residue obtained 
dissolved in chloroform, filtered, and the filtrate washed 
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with saturated sodium bicarbonate solution and brine, dried 
over magnesium sulfate, and concentrated under reduced 
pressure. Chromatography on silica gel eluting with 5 % 
methanol in methylene chloride afforded the title compound. 

1 H NMR (DMS0-d6, 300 MHz) 5 1.50 (m, 2H), 2.50-2.75 (m, 4H), 

3.55 (m, 1H), 3.87 (m, 2H), 4.98 (d, 4H), 6.95 (d, 1H), 7.00- 
7.27 (m, 12H), 7.33 (m, 2H) , 8.50 (m, 3H) . MS (DCI/NH 3 ) m/e 
555 (M+H) + . 

Example 176 

1 2 S.3S, 5S)~2 .5-D iIN-f2-Pvridv l m ethvl)oxvcarbonvl 1 amino)- 3 - 

hvdroxv- 1 . 6-diphe nvl hexane 

^..(2-Pvridvlmethvl) phenvlca rbonate 
To a solution of 2-pyridine carbinol (109 mg, 1.0 mmol) 
dissolved in methylene chloride (3 mL) and NMM (165 \IL, 1.5 

mmol) and cooled in an ice bath was added phenyl 
chloroformate (188 HL, 1.5 mmol) dissolved in methylene 

chloride (1.0 mL) dropwise. The reaction mixture was stirred 
at 0 C for 1 hour, diluted with methylene chloride, washed 
with saturated sodium bicarbonate and brine, dried over 
magnesium sulfate, and concentrated under reduced pressure. 
The residue obtained was chromatographed on silica gel 
eluting with 40% ethyl acetate in hexane to afford the title 
compound (176 mg). 

B ■ (2S, 3S *., 5S) - 2 , 5-Di{N- r2-pvridvlmethvl) ox y -carbonyll amino)-3- 

hvdroxv- 1 . 6 -diphenyl hexane 

The compound resulting from Example IE (92.5 mg, 0.326 
mmol) and the compound resulting from Example 176A (310 mg, 
1.35 mmol) were dissolved in dimethylformamide (1 mL) and 
warmed at 60 °C for 6.5 hours, allowed to stand overnight at 
room temperature, and then heated at 80 °C for 4 hours. The 
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reaction mixture was concentrated under reduced pressure and 
the residue obtained chromatographed on silica gel eluting 
with 5% methanol in methylene chloride to afford the title 
compound (104 mg). 1 H NMR (DMSO-d 6 , 300 MHz) 8 1.56 (m, 2H), 

2.54- 2.75 (m, 4H), 3.63 (m, 1H), 3.90 (m, 2H), 4.73 (m, 1H) , 
4.80-5.06 (m, 4H), 7.04-7.30 (m, 17H), 7.72 (m, 2H) , 8.49 (m, 
2H). MS (DCI/NH 3 ) m/e 555 (M+H) + . 

Example 177 

. ( 2 S, 3S, 5S) - 2 ,5-Di(N- rBenzylaminocar b onvllamino >-3-hvdroxy- 

1.6-diphenyl hexane 

To a solution of the compound resulting from Example IE 
(72.6 mg, 0.256 mmol) dissolved in dimethylformamide (1 mL) 
was added benzyl isocyanate (95 p.L, 0.768 mmol). The 

reaction mixture was stirred overnight at room temperature 
and then concentrated under reduced pressure. The residue 
obtained was chromatographed on silica gel eluting with a 
gradient of methanol in methylene chloride ( 2 %, 5 %) to afford 
the title compound. 1 H NMR (DMSO-d 6 , 300 MHz) 5 1.40 (m, 2H), 

2.54- 2.80 (m, 4H), 3.62 (m 1H), 3.90 (m, 1H), 4.01 (m, 1H), 
4.98 (d, 1H), 5.71 (d, 1H), 5.83 (d, 1H), 6.16 (m, 1H), 6.39 
(m, 1H) , 7.04 (m, 2H), 7.11-7.32 (m, 19H) . MS (DCI/NH 3 ) m/e 
551 (M+H) + . 


Example 178 

122a 2S, 5S)- 2 > 5-D i fN-f f1-(3-Pvridvl)ethyl1ox y -carbonyl)amino 1 - 

JirhvdrQXV-l. 6-diphenvl hpxanp 
The compound resulting from Example IE (70 mg, 0.246 
mmol) and [1-(3-pyridyl)ethyl]-(4-nitrophenyl)carbonate (220 
mg, 0.764 mmol) were dissolved in dimethylformamide (1.0 mL) 
and stirred at room temperature for 2.5 days. The reaction 
mixture was concentrated under reduced pressure and the 
residue obtained chromatographed on silica gel eluting with a 
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gradient of methanol in methylene chloride ( 2 %, 5 %, 10 %, 20 %) 
containing 0.5% ammonium hydroxide to afford the title 
compound (80.6 mg). X H NMR (DMSO-d 6 , 300 MHz) 6 1.30-1.56 (m, 

8 H), 2.36-2.78 (m, 4H), 3.37-3.93 (m, 5H), 5.57 (m, 2H), 
6.78-7.56 (m, 16H), 7.72 (m, 1H) , 8.40-8.60 (m, 4H) . MS 
(DCI/NH 3 ) m/e 583 (M+H) + . 


Example 179 

(2S,3S,5S)-2-f(tert-Butyloxyca rbonyl)amino 1 -5-TN-f(3- 
B.Y£i dvl)methvloxv-carbonvl)amino) -3-hydroxy-l. 6 -diphenyl 

hexane 

iL—(2S,3S.5S)-2-Amino-5-fN-((3- pyridyl)methyloxy- 
sar bonvllaminol-3-hvdroxv-l. 6 -diphenvl hexane 
The compound resulting from Example IE (820 mg, 2.89 
mmol) and (3-pyridylmethyl) phenyl carbonate (728 mg, 3.179 
mmol) were dissolved in dimethylformamide and warmed at 50 °C 
for 15.5 hours. The solvent was removed under reduced 
pressure and the residue obtained chromatographed on silica 
gel eluting with a gradient of methanol in methylene chloride 
(2%,5%,10%) to afford a mixture of compounds (919 mg). This 
material was re-chromatographed on silica gel eluting with 2 % 
methanol in methylene chloride containing 1 % isopropylamine 
to afford the title compound (424 mg, 35%). Also isolated 
was the regio-isomer in which substitution occurred at the 2 - 
amino group instead of the 4-amino group. 

B-. —( 2S« 3S, 5S) -2- f (tert-But yloxycarbonyl) aminol-5-TN-f (3- 
By . r i dY l )methvloxvcarbonvl )amino 1 - 3 -hydroxy-l. 6 -diphenyl 

hexane 

To the product of Example 179A (92.5 mg, 0.215 mmol) 
dissolved in methylene chloride was added di-t-butyl- 
dicarbonate (90 mg) . After 2 hours, additional di-t-butyl- 
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dicarbonate (33 mg) was added. After an additional hour, the 
reaction mixture was concentrated under reduced pressure. 

The residue obtained was chromatographed on silica gel 
eluting with methanol in methylene chloride ( 2 %, 5 %) to afford 
the title compound (194 mg, 79%). 1 h NMR (DMS0-d6, 300 MHz) 8 

1.30 (s, 9H), 1.50 (m, 2H), 2.53-2.74 (m, 4H), 3.52 (m, 1H), 
3.72-3.97 (m, 3H), 4.58 (d, 1H), 4.82-5.00 (m, 2H), 6.31 (bd, 
1H), 7.10-7.27 (m, 15H), 7.34 (m, 1H), 7.58 (m, 1H), 8.50 (m, 
2H). MS (DCI/NH 3 ) m/e 520 (M+H) + . 

Example 180 

( 2 S,3S,5S)-2-T(Benzvloxvcarbony l)amino 1 - 5 -TN-f(3- 
Bvridvl)methvloxvcarbonvllamino l-3-hvdroxv-l. 6 -djphenyl 

hexane 

To the product of Example 179A (76 mg, 0.1814 mmol) 
dissolved in methylene chloride (2 mL) was added N- 
[benzyloxycarbonyl)oxy]succinimide (68 mg, 0.272 mmol). The 
reaction mixture was stirred overnight at room temperature 
and then concentrated under reduced pressure. The residue 
obtained was chromatographed on silica gel eluting with 
methanol in methylene chloride ( 0 %, 2 %, 5 %) to afford the title 
compound. 1 H NMR (DMSO-d 6 , 300 MHz) 8 1.51 (m, 2H) , 2.54-2.75 

(m, 4H), 3.57 (m, 1H), 3.87 (m, 2H) , 4.68 (m, 1H), 4.72-4.90 

(m, 1H), 4.96 (m, 4H), 6.90 (d, 1H), 7.00-7.38 (m, 18H), 7.60 

(m, 1H), 8.50 (m, 2H). MS (DCI/NH 3 ) m/e 554 (M+H) + . 

Example 181 

(2S.3S«5S)-5-f(terfc-Butvloxyca rbonyl)aminol- 2 -(N-f( 3 - 
PYridvl)methvloxvcarbonyl)amino! -3-hydroxy-1. 6 -diphenyl 

hexane 

The compound resulting from isolation of the regio- 
isomer in Example 179A (80 mg, 0.191 mmol) was reacted by the 
procedure described in Example 179B to give crude material. 
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Chromatography on silica gel eluting with methanol in 
methylene chloride (0%,2%,5%) afforded the title compound (87 
mg, 88 %). 1 H NMR (DMSO-d 6 , 300 MHz) 8 1.30 (s, 9H), 1.46 (m, 

2H), 2.53-2.78 (m, 4H), 3.56 (m, 1H), 3.86 (m, 2H), 4.63 (bd, 

1H), 4.83-5.03 (m, 3H), 6.63 (bd, 1H), 6.90 (bd, 1H), 7.00- 

7.27 (m, 14H), 7.34 (m, 2H), 7.59 (m, 1H), 8.49 (m, 2H). ’ MS 

(DCI/NH 3 ) m/e 520 (M+H) + . 


Example 182 

(2S, 3S, 5S)-5-r(Benzvloxycarb o nyl)amino 1 - 2 -fN-f( 3 - 
pvridvl ) methvloxvcarbonvl)amino)-3-hydroxv-l. 6 -diohenyl 

hexane 

The compound resulting from isolation of theregio- 
isomer in Example 179A (80 mg, 0.191 mmol) was reacted with 
N-[benzyloxycarbonyl)oxy]succinimide (71 mg, 0.286 mmol) by 
the procedure described in Example 180 to give, after column 
chromatography on silica gel, the title compound (89.3 mg, 
85%). 1 H NMR (DMSO-d 6 , 300 MHz) 8 1.50 (m, 2H), 2.53-2.74 (m, 

6 H), 3.57 (m, 1H), 3.87 (m, 2H), 4.68 (m, 1H), 4.87 (m, 5H), 
6.94 (bd, 1H), 7.00-7.37 (m, 18H), 7.60 (m, 1H) , 8.50 (m, 

2H). MS (DCI/NH 3 ) m/e 554 (M+H) + . 

Example 183 

12S, 3S, 5S) - 2 i . 5-Di fN-f f (2-methvlPvridin-5-y l) methvl 1 oxy- 
garbonvllaminol -3-hydrox v-l. 6 -diphenyl hexane 
2-Methylpyridine-5-carbinol (246 mg, 2.0 mmol) was 
converted to the 4-nitrophenyl carbonate by the procedure 
described in Example 175A. The crude material was 
chromatographed on a silica gel column eluting with a 
gradient of ethyl acetate in hexane (50%,90%) to give the 
carbonate. The 300 MHz *H NMR spectrum was found to be 
consistent with the proposed structure. 
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The compound resulting from Example IE (93 mg, 0.327 
mmol) was reacted with the above carbonate (282 mg, 0.981 
mmol) in dimethylformamide (0.60 mL) overnight at room 
temperature. The reaction mixture was concentrated under 
reduced pressure and the residue obtained chromatographed on 
silica gel eluting with a gradient of methanol in methylene 
chloride (2%, 5%) to afford the title compound (103 mg, 54%). 

NMR (DMSO-d 6 , 300 MHz) 8 1.47 (m, 2H) , 2.43 (bd, 6 H), 2.53- 

2.74 (m, 4H) , 3.52-3.60 (m, 2H) , 3.87 (m, 2H) , 4.67 (bd, 1H)', 
4.68-4.83 (m, 1H), 4.91 (bd, 4H), 6.89 (bd, 1H), 7.00-7.38 
(m, 14H), 7.49 (d of d, 2H), 8.35 (m, 2H). MS (DCI/NH 3 ) m/e 
583 (M+H) + . 

Example 184 

12Sr 3S> 5S)—2,5—PiTN—(T 2 -(3-p v ridyl)propan- 2 -vlloxy- 
carbonvl}amino 1 -3-hydro x v-l. 6 -diphenyl hexane 

3-(2-Hydroxypropan-2-yl)pyridine (57 mg, 0.416 mmol) was 
converted to the 4-nitrophenyl carbonate by the procedure 
described in Example 175A. The crude residue was 
chromatographed on silica gel eluting with 50% ethyl acetate 
in hexane to afford the carbonate. The 300 MHz X H NMR 
spectrum was found to be consistent with the proposed 
structure. 

The compound resulting from Example IE (88 mg, 0.31 
mmol) was reacted with the above carbonate (281 mg, 0.93 
mmol) in dimethylformamaide (0.60 mL) overnight at room 
temperature. The reaction mixture was concentrated under 
reduced pressure and the residue obtained chromatographed on 
silica gel eluting with a gradient of methanol in methylene 
chloride ( 2 %,5%, 10 %) to afford the title compound (109 mg). 

1 H NMR (DMSO-d 6 , 300 MHz) 8 1.34-1.69 (m, 8 H), 2.43-2.85 (m, 

4H), 3.49 (m, 2H), 3.71 (m, 3H) , 4.57 (d, 1H), 6.72 (bd, 1H), 
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6.86-7.32 (m, 14H), 7.49 (m, 2H), 8.36 (m, 2H), 8.51 (m, 2H). 
MS (DCI/NH 3 ) m/e 611 (M+H) + . 

Example 185 

(2S,3R. 4R. 5S) -1. 6 -Di (pro pylamino ) -2.5-d i FN- (N-Cbz- 
Valvl) amino1-3 .4-dihYdroxy hexane 

— (2S,3R.4R«5S)-2,5-DiTN-(N-Cbz-Valyl)amino 1-1. 6 - 
di(oroovlamino)-3.4-Q-isoprop ylidene hexane 
To the compound resulting from Example 186A (580 mg, 
0.892 mmol) cooled in an ice bath was added n-propylamine 
(0.80 mL, 9.0 mmol).. The reaction mixture was allowed to 
gradually warm to room temperature and then concentrated 
under reduced pressure. The crude product was 
chromatographed on silica gel eluting with a gradient of 
methanol in methylene chloride (5%,10%) to afford the title 
compound (316 mg, 46%). 

B-J-12S, 3R. 4R, 5S) -1. 6 -Di (propylamino) -2,5-di TN- (N-Cbz- 
Valvl)amino)-3,4-dihydr oxy hexane 
The compound resulting from Example 185A (100 mg) was 
treated with 90% trifluoroacetic acid in water (3 mL) for 2.5 
days at room temperature. The reaction mixture was 
concentrated under reduced pressure and the residue obtained 
treated with concentrated ammonium hydroxide and extracted 
with methylene chloride. The combined organic extracts were 
washed with brine, dried over magnesium sulfate and 
concentrated under reduced pressure. The residue obtained 
was chromatographed on silica gel eluting with a gradient of 
methanol in methylene chloride (5%,10%,20%) containing 0.5% 
ammonium hydroxide to afford the title compound (30 mg). 

NMR (CD 3 OD, 300 MHz) 5 0.91 (t, 6 H) , 0.99 (d, 12H), 1.50 (m, 

6 H), 2.06 (m, 3H), 2.50-2.84 (m, 8 H) , 2.97 (m, 3H) , 3.85 (bd. 
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2H), 4.49 (m, 2H), 7.34 (m, 10H). MS (DCI/NH 3 ) m/e 729 
(M+H) + . 


Example 186 

12S.. 3R. 4R.5S)-1. 6 -Dl (morpholin-l-v l) -2.5-dl TN- (N-Cbz- 
¥alvl)aminol-3.4-dihvdroxy hexans 

A.1.2-DiTN-(N-Cbz-Valvl)aziridin-2-yll- 1 r 2-Q-isopropylidene 

ethane 

To 1,2-di(aziridin-2-yl)-1,2-isopropylidine ethane (2.5 
g) and Z-Valine (3.51 g, 0.014 mmol) dissolved in 
tetrahydrofuran (30 mL) and cooled in an ice bath was added 
l-ethyl-3-(3 1 -dimethylamino)-propylcarbodiimide (EDAC) (2.684 
g, 0.014 mmol) followed by triethylamine (1.95 mL). The 
reaction mixture was allowed to warm to room temperature and 
stirred overnight. The mixture was diluted with ethyl 
acetate and washed with saturated sodium bicarbonate solution 
until the washes were colorless. The organic phase was dried 
over magnesium sulfate and concentrated under reduced 
pressure. The residue obtained was chromatographed on silica 
gel eluting with 40% ethyl acetate in hexane to afford the 
title compound (1.324 g). 

B. (2S.3R.4Rt5S)-2.5-DifN-(N-Cbz-Valyl)amino 1-3.4-Q- 
i.SQProP vlidene-1, 6 -di (morpholin-l-yl hexane 

The compound resulting from Example 186A (750 mg, 1.154 
mmol) was treated with morpholine (2.0 mL) in an ice bath. 

The reaction mixture was allowed to gradually warm to room 
temperature and stirred overnight. The excess amine was 
removed under reduced pressure and the residue obtained was 
chromatographed on silica gel eluting with 2 % methanol in 
methylene chloride to afford the title compound (677 mg). 
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—(2 S, 3Rr 4R, 5S) ~L. 6 ~Di (morpholin- l-yl) - 2 .5-di FN- FN-Cbz- 
Valvl).aininQl-3.4-dih y droxy hexane 
The compound resulting from Example 186B (160 mg) was 
treated with 90% trifiuoroacetic acid in water (3 mL) at room 
temperature for 2 days and then concentrated under reduced 
pressure. Unreacted starting material remained, so 90% 
trifIuoroacetic acid in water (4 mL) was added and the 
reaction mixture was warmed at 35 °C overnight. The reaction 
mixture was then concentrated under reduced pressure and the 
residue obtained dissolved in methylene chloride, treated 
with ammonium chloride, washed with saturated sodium 
bicarbonate solution and brine, dried over magnesium sulfate, 
and concentrated under reduced pressure. The residue 
obtained was chromatographed on silica gel eluting with 10 % 
methanol in methylene chloride containing 0 . 5 % ammonium 
hydroxide to afford the title compound (67 mg). 1 H NMR 
(CD 3 OD, 300 MHz) 8 0.97 (m, 12H), 2.13 (m, 2H), 2.38 (m, 6 H), 

2.52 (m, 6 H), 3.60 (m, 8 H), 3.96 (bd, 2H) , 4.41 (m, 2H) , 7.33 
(m, 10H). MS (DCI/NH 3 ) m/e 785 (M+H) + . 

Example 187 

.( 2S, 3R. 4R. 5S) -1, 6 -Di (imidazol-l-yl ) -2.5-di fN- (N-Cbz- 
Yalvl)aminol-3.4-dihyd roxy hexane 

The compound resulting from Example 186A (330 mg, 0.508 
mmol) was treated with imidazole (2.761 g, 0.0406 mmol) in 
dimethyformamide (4 mL) at 100 °C for 3.5 hours. The 
solution was cooled to room temperature and diluted with 
methylene chloride, washed with water, dried over magnesium 
sulfate, and concentrated under reduced pressure. The 
residue obtained was chromatographed on silica gel eluting 
with a gradient of methanol in methylene chloride ( 5 %, 10 %) 
containing 0.5% ammonium hydroxide. The compound obtained 
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was heated at 60 °C under vacuum to remove any residual 
imidazole to afford the title compound (258 mg, 65%). 

The above compound (250 mg, 0.318 mmol) was warmed in 2 N 
hydrochloric acid (8 mL) at 80 °C for 2 hours. The reaction 
mixture was concentrated under reduced pressure and chased 
with methanol and ethanol. The residue obtained was 
dissolved in chloroform, treated with ammonium hydroxide (2 
mL), and the organic phase separated. The organic phase was 
washed with brine, dried over magnesium sulfate, and 
concentrated under reduced pressure to afford crude material. 
Chromatography on silica gel eluting with a gradient of 
methanol in methylene chloride (5%,10%) containing 0.5% 
ammmonium hydroxide afforded the title compound (101.5 mg) . 

1 H NMR (DMSO-d6, 300 MHz) 8 0.73 (m, 12H), 1.87 (m, 2H), 3.84 

(m, 2H), 3.87-4.08 (m, 4H), 4.56 (m, 2H), 5.06 (q, 4H), 5.11 
(m, 2H), 6.80 (bs, 2H), 7.05 (m, 2H), 7.14 (bd, 2H), 7.33 (m, 
2H), 7.39 (m, 8H), 7.53 (m, 2H), 7.66 (bd, 2H). MS (FAB) m/e 
747 (M+H) + . 

Example 188 

J2S,3R,4R,5S)~ 1 ,6-Diphenvlaminb-2.5-diTN-(N- C bz-Valvl)aminol- 

3.4-dihvdroxv hexane 

The compound resulting from Example 186A (514 mg, 0.791 
mmol) and aniline (3.725 g, 40 mmol) were heated in 
dimethylformamide (10 mL) in a 100 °C oil bath for 22 hours. 
The solvent was removed under reduced pressure and the 
residue obtained chromatographed on silica gel eluting with 
methylene chloride followed by a gradient of methanol in 
methylene chloride (1%,2%) to afford a residue which was re¬ 
chromatographed on silica gel eluting with 30% ethyl acetate 
in methylene chloride to afford 1,6-diphenyl-2,5-di[N-(N-Cbz- 
Valyl)amino]-3-0,4-O-isopropylidene hexane (300 mg). 
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This compound (239 mg, 0.256 mmol) was treated with 2 N 
hydrochloric acid (10 mL) in methanol (5 mL) at 50 °C for 2;5 
hours. The solvent was removed under reduced pressure and 
the residue obtained dissolved in chloroform, treated with 
concentrated ammonium hydroxide, washed with water and brine, 
dried over magnesium sulfate, and concentrated under reduced 
pressure. The residue obtained was chromatographed on silica 
gel eluting with a gradient of methanol in methylene chloride 
(2%,5%) to afford the title compound (142 mg). NMR (DMSO- 


^ 6 / 

300 MHz) 

5 0.84 (d of d. 

12H), 1.98 (m, 

2H) , 

, 3.01 (m, 2H), 

3.14 

(m, 2H) 

, 3.47 (bs, 2H), 

3.91 (m, 2H), 

4.27 

(m,. 2H) , 4.89 

(bs, 

1H), 5. 

06 (d of d, 6 H), 

6 .53 (m, 7H), 

7.04 

(m, 4H) , 7.36 

(m. 

12H), 7. 

66 (bd, 2H). MS 

(DCI/NH 3 ) m/e 

797 

(M+H) + . 


Examole 189 

- 212),5 (S ) -d i am i no- 1 . 6-diphenvl-3.3-difluoro- 4 (Ri- 

hvdroxvhexane. 

A--E thy l 4 (S) - ( (t.-b utv l oxvca rbonvl) amino- 5 -phenvl- 2 . 2 - 

£iif luoro-3 (R) -hvdroxy pentanoate . 

To a solution of 9.6 gm of Boc-L phenylalaninal in 100 
ml of THF was added 10 gm of zinc dust. To this sonicated 
mixture was added over 1.5 hours a total of 10 ml of ethyl 
bromidifluoroacetate. The reaction mixture was filtered 
through celite and concentrated. The residual oil was 
dissolved in ethyl acetate and washed with 10% KHSO 4 • The 
combined organic layer was washed with brine, dried and 
concentrated. The mixture of 3 (R) and 3 (S) isomers were 
purified by HPLC using 10% EtOAc in hexane as eluting solvent 
to provide 4.1 gm of pure 3(R) isomer. m.p. 137-139°C. 


fi--2 -Qxazo l idinone derivative of Et h vl 4 (S) -Amino-5-phenyl- 

2« 2-djfluoro-3(R)-hvdroxypentanoate. 
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To 26.7 mmole of the resultant product from 189A was 
added 30 ml of 4N HC1 in dioxane. The solution was stirred 
at RT for 1 hour. The solvent was removed in vacuo and the 
hydrochloride was dried on high vacuum for 18 hours. To this 
hydrochloride was added at 0°C 300 ml of dichloromethane and 
4.1 ml of triethylamine, then 2.84 gm of triphosgene. After 
1 hour at 0°C, 8.2 ml of TEA and 0.41 gm of triphosgene were 
added. After 1.5 hours at' 0°C and 0.5 hours at RT, the 
reaction mixture was washed with IN HC1 and extracted with 
dochloromethane. The combined organic layer was washed with 
brine and dried and concentrated. Silica gel column 
chromotography (5% EtOAc in CH 2 CL 2 ) provided 6.1 gm (76%) of 
the desired product. 

£-■-2- Qxazolidinone derivative of N. Q-dimethylhvdroxy-amide 

Of 4 (S) -amino-5-Phenvl-2 ,2-difluoro-3(R)- hydroxypententanoic 

acid. ' 

To a solution of 10.86 gm of the resultant compound from 
Example 189B in 200 ml of dioxane and 100 ml of water was 
added 2.28 gm of lithium hydroxide. The solution was stirred 
at RT for 0.5 hr and the solvent was removed .in vacuo. The 
residual oil was dissolved in EtOAc and acidified with IN 
HC1; the aqueous phase was extracted with EtOAc. The EtOAc 
solution was washed with brine, dried and concentrated to 
give 9.54 gm of carboxylic acid. To 5.93 gm of this acid in 
110 ml of dry DMF was added 6.42 gm of EDAC, 2.72 gm of N,0- 
dimethyl hydroxylamine hydrochloride and 9.1 ml of TEA. The 
reaction mixture was stirred at RT overnight, filtered and 
concentrated in vacuo. The residue was dissolved in EtOAc 
and acidified with IN HC1. The aqueous phase was extracted 
with EtOAc; the combined organic layer was dried 
concentrated. The crude product was purified by silica gel 
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column chromotography to give 6.34 gm of desired product 
(94%) . 

E-.-4 (S) -Benzvl-5 (R) - (3 ' (3 1 .3 , -difluoro -2 '-oxo-l '-phenyl) ) 

proovl -2-oxazolidinonp. 

To a solution of 6.45 gm of the resultant compound from 
Example 189C in 200 ml of dry THF at -78°C was added 30.8 ml 
of a 2M solution of benzylmagnesium chloride. The reaction 
mixture was stirred for 1 hour at -78°C, 1 hour at -20°C, 

finally 1 hour at 0°C. The reaction was quenched with satd. 
NH 4 CI solution, concentrated and extracted with EtOAc. The 
crude product was purified by silica gel column 
chromotography (5% EtOAc in CH 2 CI 2 ) to give 6.59 gm of 
desired product (93%). 

£L—Q xime derivative of 4 (S) -Benzvl-5(R)-(3'(3■.3'-difluoro- 
2. 1 -o xo-l '-Phenvl) ) -propyl-2-oxazolidinone . 

To a solution of 0.6 gm of the resultant product from 
Example 189D in 15 ml of ethanol was added 0.24 gm of 
hydroxylamine hydrochloride and 0.42 ml of pyridine. The 
solution was refluxed for 1 hour, cooled to RT and 
concentrated. The residue was taken up in EtOAc and washed 
with IN HC1 and then satd. brine, dried and concentrated. 
Purification by silica gel column chromatography (20% EtOAc 
in CH 2 CI 2 ) provided 0.64 gm of desired product (98%) . 

E-. -4 (S) -Benzvl-5 (R) - (3 1 (3 1 .3 ' -dif luoro -2 1 (S) -amino- 1 ' - 

Kiienvl) )-propvl-2-ozaxolidinone. 

To a solution of 2 gm of oxime from Example 189E in 
100 ml each of EtOAc/EtOH was added 25 gm of Raney Nickel 
Catalyst. The mixture was shaken in a bomb at 1500 psi of 
hydrogen for 2 days. Filtration and concentration in vacuo 
provided a mixture of 2'(S)- and 2 ' (R)-amine which was 
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separated by silica gel column chromotography (1:1 
EtOAc/CH2Cl2) to provide 0.59 gm of 2'(S)-amine and 0.83 gm 
of 2' (R)-amine.' The X-ray crystallography of a single 
crystal of the 2' (R)-amine establish the absolute 
stereochemistry. 

— 2 (S).5(S) -diamino-1.6-dipheny l -3.3-difluoro-4(R)- 

hvdroxyhexane. 

To a solution of 1.03 gm of the resultant compound from 
Example 189F in 60 ml of dioxane and 60 ml of water was added 
2,5 gm of barium hydroxide. The reaction mixture was heated 
to reflux for 4 hours, cooled to RT, filtered and 
concentrated. The aqueous solution was extracted with ethyl 
acetate (3 x 100 ml) . dried with anhydrous Na 2 S 04 and 
concentrated to give 930 mg of the desired product. ^-H NMR 
(CDCI 3 ) : 8 1.3-1.5 (brm, 4H) , 2.50 (m, 1H) , 2.70 (m, 1H) , 

2.90 (m, 1H), 3.15 (m, 1H), 3.45 (m, 1H), 3.72 (m, 1H). Mass 
spectrum: (M+H) + = 321. 


Example 190 

2 (S),5(S)-Bis- (Cbz-Valinvl)amino-1.6-dip h envl-3.3-dif luoro-4- 

oxo-hexane. 

Using the resultant product from Example 189G, and 
coupling to Cbz—Valine using the carbodiimide procedure, 
followed by oxidation using sodium dichromate in acetic acid 
(Synthesis, 466, (1989)) provided the desired product. ^-H 

NMR (DMSO-d6) : 8 0.62 (d, 3H) , 0.65 (d, 3H) , 0.70 (d, 3H), 
0.72 (d, 3H), 0.78 (d, 3H), 1.80 (m, 2H), 3.80 (m, 2H) , 5.0 
(s, 4H), 7.10-7.40 (m, 20H). Mass spectrum: (M+H) = 785. 

Example 191 

2. (S) , 5 (S) - B i s- (2-Pvr i d vl-methoxvcarbonvl-valinvl) amino-1.6- 
diphenvl-3.3-difluoro-4- oxo-hexane. 
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Using the resultant compound from Example 189G and 

coupling to 2—pyridyl-methoxycarbonyl-valine using the 
carbodiimide procedure, followed by oxidation with sodium 
dichromate in acetic acid provided the desired product. 

NMR (DMS0-d6) : 8 0.70 (d, 3H) , 0.78 (d, 3H), 0.80 (d, 6H), 

5.08 (s, 4H), 7.10-7.30 (m, 14H), 7.70 (m, 1H) , 8.20 (m, 1H), 

8.50 (m, 1H), 8.60 (m, 1H). Mass spectrum: (M+H) + = 787. 

Example 192 

2.(S) . 5 (S) -Bis m- m -methvl-N ( (2- 
pyr i dy l )methyl) amino)carbonv l)-vaiinyi-amino)-l.6-diphenyi- 

3-dif luoro-4 (RV-h ydroxyhexane . 

Using the resultant compound from Example -189G and 

coupling to (N-(N-methyl-N-((2-pyridyl)methyl)amino)carbonyl- 
valine using the carbodiimide procedure provided the desired 
product in 68% yield. ifi NMR (DMSO-d6) : 6 0.68 (d, 3H) , 

0.70 (m, 9H), 1.80 (m, 1H), 1.96 (m, 1H) , 2.88 (s, 3H), 2.90 

(s, 3H) , 5.90 (d, 1H), 6.02 (d, 1H), 6.20 (d, 1H), 7.20-7.30 

(m, 14H), 7.50 (d, 1H) , 7.76 (m, 2H), 7.90 (d, 1H), 8.50 (m, 

2H). Mass spectrum: (M+H) + = 815. 

Example 193 

2(S).5(S)-Bis-(N-(N-Methvl-N- (12- 
p yr i dy l )methyl)amino)carbonvl)-val inyl-amino)-1.6-diphenyl - 

3. 3-difluoro-4-ox o-hexane. 

Oxidation of the resultant product from Example 192 

using sodium dichromate in acetic acid provided the desired 
product in 60% yield. !h NMR (DMSO-d6) : 8 0.63 (d, 3H) , 

0.70 (d, 3H), 0.75 (d, 3H), 0.77 (d, 3H) , 2.88 (s, 3H), 2.90 

(s, 3H), 6.0 (d, 1H), 6.20 (d, 1H), 7.15-7.30 (m, 14H), 7.70 
(m, 2H), 8.20 (d, 1H) , 8.50 (m, 2H) , 8.60 (d, 1H) . Mass 

spectrum: (M+H) + = 813. 
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Examole 194 

2 (S)»5(S)-B i s-(N~(3- (2-pyr i dv l )p ropenvl)-valinvl-amino )-1 . fi- 
djphenvl-3.3-difluoro-4 (R ) -hydroxy-hexane. 

Using the resultant product from Example 189G and 
coupling to (N-(3-(2-pyridyl)propenoyl)-valine using the 
carbodiimide procedure provided the desired product in 80% 
yield. 1 H NMR (DMS0-d6) : 8 0.70-0.80 (m, 12H) , 1.85 (m, 

1H), 2.00 (m, 1H), 2.60-2.95 (m, 4H) , 3.85 (m, 1H), 4.30 (m, 
1H), 4.60 (m, 1H), 4.80 (m, 1H), 7.10-7.60 (m, 18H), 7.80 (m, 
2H), 8.05-8.20 (m, 3H), 8.62 (m, 2H). Mass spectrum: (M+H) + 
= 781. 


Example 195 

2-1 S) , 5 (S) -B i S- (N- (3- (2-Pvridvl) propanovl) - v alinvl-amino) -1.6- 
dlPhenvl-3.3-difluoro-4(R)- hydroxyhexane. 
Hydrogenation of the resultant product from Example 194 
using 10% Pd/c as catalyst and methanol as solvent provided 
the desired product in quantitative yield. 1 H NMR (DMSO-d6): 
8 0.62-0.70 (m, 12H), 1.75 (m, 1H) , 1.95 (m, 1H), 2.80-2.95 

(m, 12H), 3.80 (m, 1H) , 4.10 (m, 1H) , 4.60 (m, 1H) , 4.80 (m, 
1H), 6.02 (d, 1H), 7.18-7.22 (m, 14H), 7.46 (d, 1H), 7.65 (m, 
2H) , 7.75 (d, 1H) , 8.00 (d, 1H) , 8.45 (m, 1H) . Mass 

spectrum: (M+H) + = 785. 


Example 196 

2-L S) < 5 (S) ~B i s~ (N~ (3~ f 2-Pvridvl) propano y l) -valinvl-amino) -1.6- 
diPhenvl-3.3-difluoro -4-oxo-hexane. 

Oxidation of the resultant product from Example 195 
using sodium dichromate in acetic acid provided the desired 
product in 40% yield. iH NMR (DMSO-d6): 8 0.70-0.80 (m, 

12H), 7.15-7.30 (m, 12H) , 7.60 (m, 2H) , 7.80 (d, 1H) , 8.30 

(d, 1H), 8.45 (m, 2H), 8.60 (d, 1H). Mass spectrum: (M+H) + 

= 783. 
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Example 197 

Nr (2-(4-Pvridvl)ethanesul fonvl)va 1 i ns. 

To 1 gm of valine benzyl ester p-toluene-sulfonic acid 
salt in 40 ml of CH 2 CI 2 at 0°C was added 1.12 gm of 4 - 

pyridylsulfonyl chloride (U.S. Pat. #431504 (1982)) and 1.9 

ml of triethylamine. After 1 hour, the solution was washed 
with water and extracted with CH 2 CI 2 (2 x 100 ml), dried and 
concentrated. Silica gel column chromotography provided 4— 
pyridyl-ethanesuIfonyl-valine benzyl ester which was treated 
with 10% Pd/C in methanol under hydrogen atmosphere to 
provide the desired product in 85% overall yeild. 

Example 198 

Nr(2- (2-Pvridvl)ethanesulfonv l)valine. 

Using the procedure of Example 197, but replacing 4- 
pyridylethanesulfonyl chloride with 2-pyridylethanesulfonyl 
chloride provided the desired product in 82% overall yield. 

Example 199 

2 (S) , 5 (S) -B i s-(Nr(4-Pvridvlethanesulfonyl - valine)-amino)-1.6- 
d i Phenvl-3,3-difluoro-4(R)-h y droxyhexane. 

Using the resultant product from Example 189G, and 
coupling to 4-pyridylethanesulfonyl-valine using the 
carbodiimide procedure provided the desired product in 70% 
yield. 1 H NMR (DMSO-d6) : 5 0.80 (m, 12H) , 1.90-2.10 (m, 

2H), 2.30-3.00 (m, 12H), 3.60 (m, 1H), 3.70 (m, 1H), 3.98 (m, 

1H), 4.80 (m, 1H), 8.00 (m, 1H), 6.10 (d, 1H), 6.80-7.20 (m, 

14H), 7.40 (d, 1H), 7.90 (d, 1H), 8.20 (d, 1H) , 8.45 (m, 4H) . 

Mass spectrum: (M+H) + = 857. 
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Example 200 

2 (S) , 5(S) -B i s - (N~(4-pvr i dv lethanesulfonyl-valine)-amino) - 1 . 6- 
diPhenvl-3,3-difluoro- 4-oxo-hexane. 

Oxidation of the resultant product from Example 199 

using the sodium dichromate in acetic acid provided the 

desired product in 60% yield. ^-H NMR (DMS0-d6) : 8 0.90 (m, 

12H), 2.00 (m, 1H) , 2.20 (m, 1H) , 6.80-7.30 <m, 14H) , 7.80 

(d, 1H), 7.70 (d, 1H), 8.38-8.52 (m, 4H) , 8.40 (d, 1H). Mass 
spectrum: (M+H) = 855. 


Example 201 

2 (S) ,5(S) -B i s- (N~(2-Pvr i dv l e thanesulfonvl-valine)-amino)-1.6- 
di.Phenvl-3,3-dif luoro-4 (R) -hydro xyhexane . 

Using the resultant product from Example 189G, and 
coupling to 4-pyridylethanesulfonyl-valine provided the 
desired product in 75% yield. X H NMR (DMSO-d6) : 8 0.80 (m, 


12H) 

, 1. 

90-2.00 

(m, 

1H), 2.45 

-3. 

10 

(m. 

12H) , 

3.60 

(m. 

1H) , 

3.70 

(m, 

1H), 3. 

80 

(m, 1H), 4 . 

70 

(m. 

1H) 

, 4.90 

(m. 

1H) , 

6.12 

(d. 

1H) , 

6.90-7 

.30 

(m, 14H), 

7 , 

.70 

(m, 

2H) , 

7.88 

(d. 

1H) , 


8.40-8.50 (m, 2H). Mass spectrum: (M+H) + = 857. 

Example 202 

2 <S) . 5 (S)-B i s(N- (2-Pvr i dv l e tha n esulfonyl-valine)-amino)-1.6- 
diPhenvl-3.3-difluoro-4- oxo-hexane. 

Oxidation of the resultant product from Example 201 
using sodium dichromate in acetic acid provided the desired 
product provided the desired product in 53% yield. 1 H NMR 
(DMS0-d6) : 5 0.84 (m, 12H) , 1.90 (m, 2H) , 2.40-3.10 (m, 
12H), 3.65 (m, 2H) , 4.95-5.10 <m, 3H) , 6.90-7.25 (m, 15H) , 
7.55 (d, 1H), 7.75 (m, 2H), 8.46 (m, 2H) , 8.40 (d, 1H). Mass 
spectrum: (M+H) + = 855. 
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Example 203 

2(S)» 5 (S)-Bis-(N-(4-Pvridvlethanesulfonyl-valinyl)- amino)- 
1. 6-d iphenvl-3 (R) . 4 (R) -dihydroxy-hexane . 

Coupling of 4-pyridylethanesulfonyl-valine to the 
resultant product from Example 4A provided the desired 
product in 51% yield. 1 H NMR (DMSO-d6): 5 0.84 (m, 12H) , 
1.96 (m, 2H), 2.25 (m, 2H) , 2.80-3.00 (m, 12H), 3.70 (m, 2H) , 

4.80 (m, 2H), 6.80-7.20 (m, 14H), 7.80 (d, 2H), 8.45 (m, 4H). 

Mass spectrum: (M+H) + = 837. 

Example 204 

2 (S) .5 (S)-Bis- (N- (4-Pvridvlethanesulfonyl-valinyl )-amino)- 
JL. .6-dipheny 1-3 (S) -hyd roxyhexane . 

Coupling of 4-pyridylethanesulfonyl-valine to the 
resultant product from Example IE provided the desired 
product in 78% yield. 1 H NMR (DMSO-d6) : 8 0.88 (m, 12H) , 
4.30 <m, 2H), 4.95 (d, 1H) , 6.90-7.20 (m, 14H), 7.25 (d, 1H), 

7.32 (d, 1H), 7.30 (d, 1H), 7.90 (d, 1H) , 8.46 (m, 2H) . Mass 

spectrum:, (M+H) + = 821. 


Example 205 

2 (S ) . 5..(S) -Bisr (N- (2-Pvridvlethanesulfonyl-valinyll) -amino) - 
1.6-diphenyl- 3 (S) -hydroxy-hexane. 

Coupling of 2-pyridylethanesulfonyl-valine to the 
resultant product from Example IE with the carbodiimide 
procedure provided the desired product in 88% yield. ^-H NMR 

(DMSO-d6) : 8 0.82 (m, 12H) , 1.85 (m, 2H) , 2.60-3.10 (m, 

12H), 3.50 (m, 1H) , 3.60 (m, 1H), 4.15-4.30 (m, 2H), 4.92 (d, 

1H), 6.90-7.25 (m, 14H), 7.70 (m, 1H) , 7.75 (d, 1H), 7.80 (d, 

1H), 8.45 (m, 2H). Mass spectrum: (M+H) + = 821. 



-200- 

Example 206 

2 (S).5(S)-Bis-(N-(2-Pvridvleth a nesulfonvl-valinvl)-amino)- 
l.i-6-diPhenvl-3 (R) . 4 (R) - dihvdroxvhexane . 

Coupling of 2-pyridylethanesulfonyl-valine to the 

resultant product from Example 4A using the carbodiimide 
procedure provided the desired product in 70% yield. NMR 

(DMSO-d6): 50.75 (d, 6H) , 0.80 (d, 6H), 1.88 (m, 2H), 2.55- 

3.10 (m, 12H), 3.60 (m, 2H) , 4.65-4.80 (m, 4H), 6.90-7.35 (m, 
14H), 7.70 (m, 4H) , 8.45 (m, 2H) . Mass spectrum: (M+H) + = 

837. 

Example 207 

2 (S),5(SI-Bis-(N-(4-Pvridvlethanesulfo n vl-valine)-amino)-1.6- 
djphen vl-3(R)-4(S)-dihvdroxyhexane. 

Coupling of 4-pyridylethanesulfonyl-valine to the 

resultant product from Example 13D using the carbodiimide 
procedure provided the desired product in 65% yield. l-H NMR 
(DMSO-d6) : 5 0.80 (m, 12H) , 1.90 (m, 1H) , 2.10 (m, 1H) , 

2.30-3.00 (m, 12H), 3.60 (m, 1H), 3.70 (m, 1H) , 4.30 (m, 1H), 
4.50 (m, 1H), 4.72 (d, 1H), 5.50 (d, 1H), 6.85-7.20 (m, 14H), 

7,40 (d, 1H), 7.90 (d, 1H), 8.20 (d, 1H), 8.45 (m, 4H) . Mass 

spectrum: (M+H) + = 837. 


Example 208 

2 (S) > 5 (S) -Bis- (N-(4-Pvridvlethanes u lfonyl-valinYl)-amino)- 
If 6-diPhenvl-3(S) . 4 (S) -dihydrozyhexane . 

Coupling of 4-pyridylethanesulfonyl-valine to the 
resultant product from Example 11C using the carbodiimide 
procedure provided the desired product in 70% yield. ^-H NMR 
(DMSO-d6): 5 0.83 (d, 6H), 0.90 (d, 6H) , 1.95 (m, 2H), 2.40- 
3.00 (m, 12H ), 3.45 (m, 2H), 3.65 (m, 2H), 4.20 (m, 2H), 4.90 
(d, 2H), 6.90-7.20 (m, 14H), 7.40 (d, 2H), 8.20 (d, 2H), 8.40 
(m, 4H). Mass spectrum: (M+H) + = 837. 
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Examole 209 

2 iS) , 5 (S) -B i s- (N~ (2-Pvridvlethanesulfonyl - valinyl) -amino! - 
l*, 6-d i Phenvl-3 (R) . 4 (S) -dihydrox y hexane . 

Coupling of 2-pyridylethanesulfonyl-valine to the 

resultant product from Example 13D using the carbodiimide 
procedure provided the desired product in 60% yield. -*-H NMR 

(DMS0-d6) : 5 0.73 (d, 3H) , 0.80 (d, 6 H) , 0.85 (d, 3H) , 1.85 

(m, 2H), 2.55-3.05 (m, 12H), 3.88 (d, 3H), 3.70 (m, 1H), 4.35 

(m, 1H), 4.45 (m, 1H), 4.80 (d, 1H), 5.37 (d, 1H) , 6.85-7.30 

(m, 14H) , 7.70 (m, 2H) , 7.80 (d, 1H) , 8.10 (d, 1H) , 8.45 (m, 

1H), 8.50 (m, 1H). Mass spectrum: (M+H) + = 837. 

Example 210 

2(S)« 5(S)-Bis-(N- (2-Pvridvlethanesulfo nvl-valinvl ) -ami nn)- 
1 , 6-d i phenv l -3(S).4(S) -dihydroxyhexane. 

Coupling of 2-pyridylethanesulfonyl-valine to the 

resultant product from 11C using the carbodiimide procedure 
provided the desired product in 82% yield. 1 H NMR (DMS0-d6): 
8 0.80 (m, 12H), 1.88 (m, 2H) , 2.60-3.05 (m, 12H), 3.50-3.60 
(m, 4H), 4.20 (m, 2H), 5.0.(d, 2H), 6.90-7.30 (m, 16H), 7.65 
(m, 2H), 8.10 (d, 2H ), 8.50 (m, 2H). Mass spectrum: (M+H) + 

= 837. 


Example 211 

2 JS),5(S) -B i s- (N- 2 -pyr i dv let h anesulfonvl)-amino-l. 6-diphenyl - 

3 (S)-hvdroxyhexane. 

To a solution of 100 mg of the resultant product from 
Example IE in 3 ml of dichloromethane was added 0.108 ml of 
triethylamine and 0.186 gm of 2 -pyridylethanesulfonyl 
chloride. After 0.5 hour at RT, the product was purified by 
silica gel column chromotography to provide the desired 
product in 35% yield. 1 H NMR (CDCI 3 ) : 8 1.70-2.00 (m, 4H) , 
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2.70-3.20 (m, 10H) , 3.65-3.95 (m, 3H) , 5.00 (d, 1H) , 5.18 (d, 
1H), 7.00-7.28 (m, 14H) , 7.60 (m, 2H) , 8.50 (m, 2 H) . Mass 
spectrum: (M+H) + = 623. 


Example 212 

2 (S),5 (S)-B i s-(N- 2 -Pvr i dv l et hanesulfonYl)amino- 1 . 6 -diphenyl- 
3-J3-dif luoro-4 (R) -h ydroxyhexane. 

To a solution of 150 mg of the resultant product from 
Example 189G in 5 ml of dichloromethane was added 0.32 gm of 
t£iethylamine and 0.25 gm of 2-pyridylethanesulfonyl 
chloride. After workup and purification by silica gel column 
chromotography, 0.13 gm of desired product was obtained. 

NMR (CDCI 3 ) : 8 1.90 (m, 4H) , 2.50-2.70 (m, 4H) , 2.90-3.10 

(m, 4H), 3.30 (m, 1H), 4.20-4.50 (m, 3H) , 5.10 (d, 1H), 5.50 
(d, 1H) , 7.00-7.30 (m, 14H) , 7.60 (m, 2H) , 8.50 (m, 2H) . 
Mass spectrum: (M+H) + = 659. 

Example 213 

2 (S).5(S)- B i s(N-2-Pvr i dv let h a n esulfonyl)amino- 1 , 6 -diphenyl- 

3,3-difluoro-4-oxo -hexane. 

Oxidation of the resultant product from Example 212 
using sodium dichromate in acetic acid provided the desired 
product in 70% yield. X H NMR (CDCI 3 ) : 8 2.60-3.40 (m, 12H) , 

4.40-4.60 (m, 2H), 5.0 (m, 2H), 6.95-7.30 (m, 14H), 7.60 (m, 
2H), 8.45-8.60 (m, 2H). Mass spectrum: (M+H) + = 657. 

Example 214 

2.(S) t 5 (S) -Bis- (N-benzvloxvcarbonyl) amino- 1 . 6 -diphenyl- 3 . 3 - 
difluoro-4(R)-hydro xyhexane. 

To a solution of 30 mg of the resultant product from 
Example 189G in 1 ml of DMF was added 0.1 gm of Cbz-NOS. The 
solution was stirred at RT for 48 hours, concentrated in 
vacuo and purification by silica gel column chromotography 


% % 
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provided 29 mg of desired product. 1 H NMR (CDCI 3 ) : 5 2.65 

(m, 1H) , 2.90 (m, 1H) , 3.00 (m, 1H) , 3.12 (m, 1H) , 3.47 (m, 
1H) / 3.88 (m, 1H) , 4.38 (m, 1H) , 4.68 (m, 1H) , 4.90 (m, 1H) , 
5.00 (s, 1H) , 7.10-7.35 (m, 20H) . Mass spectrum: (M+H) + = 

589. 

Example 215 

2(S),5(S)-Bis-(N-benzvloxvcarbonvl)ami no- 1 . 6 -rijphenvl- 3 . 3 - 
difluoro-4(R)-hyd roxyhexane. 

Oxidation of the resultant product from Example 214 

using sodium dichromate in acetic acid provided the desired 
compound in 80% yield. !h NMR (CDCI 3 ) : 8 2.70 (m, 1H) , 2.90 

(m, 1H), 3.15 (m, 1H), 3.28 (m, 1H) , 4.70-5;i5 (m, 8 H) , 7.10- 
7.40 (m, 20H). Mass spectrum: (M+H) + = 587. 

Example 216 

2. (S) ,5(S) -Bis-(N-3-Pvridvl-methoxy c arbonyl^ amino- 1 . 6 - 
d i phenv l -3,3-difluoro-4(R)-h y droxyhexane. 

To a solution of 150 mg of the resultant product from 
Example 189G in 1 ml of DMF was added 515 mg of the resultant 
product from Example 37A. After 48 hours at RT, solvent was 
removed in vacuo and purification by silica gel column 

chromotography provided the desired compound in 81% yield. 
1 H NMR (CDCI 3 ): 5 2.62 (m, 1H), 2.85-3.15 (m, 3H), 3.53 (m, 

1H), 3.90 (m, 1H), 4.40 (m, 1H), 4.70-5.20 (m, 6 H), 7.10-7.60 

(m, 14H), 8.45- 8.55 (m, 4H). Mass spectrum: (M+H) + = 591. 

Example 217 

2 (S).5(S)-B i s-(N-3 -pyr i dv l - methoxvcarbonvl)amino- 1 . 6 - 
diPhenvl-3.3-difluoro-4-oxo-hexane. 

Oxidation of the resultant compound from Example 216 

using sodium dichromate in acetic acid provided the desired 
product in 68 % yield. !h NMR (CDCI 3 ): 8 2.70 (m, 1H), 2.90 
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(m, 1H) , 3.15 (m, 1H) , 3.30 (m, 1H), 4.90-5.15 (m, 8 H) , 7.10- 
7.60 (m, 14H) , 8.40-8.55 (m, 4H) . Mass spectrum: (M+H) + = 

588. 

Example 218 

2(S) « 5(S)-Bis- (N-(p-nitrophenox y carbonyl)-amino )-1 . 6- 
di phenv l - 3(S)-tr i m et h vlsiloxy-hexane. 

To a solution of 200 mg of the resultant product from 
Example IE in 5 ml of dichloromethane was added at 0°C 
0.112 ml of TEA ' and 0.098 ml of trimethylsilyl chloride. 
After 30 minutes at 0°C, 0.215 ml of TEA and 0.3 gm of p- 

nitrophenylchloroformate was added. After 1 hour at 0°C, the 
solvent was removed in vacuo and the crude product purified 
by silica gel column chromotography provided 0.3 gm of 
desired product. 1 H NMR (CDCI 3 ) : 5 0.20 (s, 9H) , 1.70 (m, 

1H) , 1.90 (m, 1H), 2.85 (m, 4H) , 3.90 <m, 1H) , 4.00 (m, 1H) , 

4.20 (m, 1H), 4.90 (d, 1H), 5.30 (d, 1H) , 7.10-7.30 (m, 14H) , 

8.20 (m, 4H). 

Example 219 

2 (S),5(S)-Bis-(N-(3 -Pvr i dvlmet hvlamino-carbonyl)-amino)-1.6- 

djphenvl-3(S)-hydro xvhexane. 

To a solution of 87 mg of the resultant compound from 
Example 218 in 1 ml of DMF was added 0.028 ml of 3- 
aminomethylpyridine. After 18 hours, the solvent was removed 
in vacuo and the residue was dissolved in 1 ml of methanol 
and 0.05 ml of chlorotrimethylsilane was added. After 0.5 
hour, the solvent was removed in vacuo, neutralized with 
sodium bicarbonate solution and extraction with ethyl acetate 
(2 x 25 ml) . The organic solution was dried and 

concentrated. Purification by silica gel column 
chromotography provided 35 mg of desired product. NMR 

(CD 3 OD) : 8 1.60 (t, 2H), 2.60-2.80 (m, 4H) , 3.70 (m, 1H) , 
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4.00 (m, 1H), 4.10 (m, 1H), 4.25-4.35 (m, 4H), 7.10-7.25 <m, 

10 H) , 7.35 (m, 2H) , 7.60 (in, 2H) , 8.40 (m, 4H). Mas s 
spectrum: (M+H) + = 553. 

Example 220 

2 JS),5(S)-B i s- (N~(N-methvl-N-3-Pvridvlmethyl) c arbonyl-aminol- 
1, 6-diphenvl-3 IS) -hy droxvhexane. 

Using the procedure described in Example 219, but 
replacing 3-aminomethylpyridine with N-methyl-3- 
aminomethylpyridine provided the desired product in 50% 


yield. 1 H NMR (CDCI 3 ) 

: 8 

1.65 

(m. 

2H) , 

2.70 

(s. 

3H) , 

2.74 

(s. 

3H), 2.80-3.00 

(m. 

4H) , 

3.70 

(m. 

1H) , 

3.82 

(m. 

1H) , 

4.02 

(m. 

1H), 4.38-4.55 

(m. 

4H) , 

4.80 

(d. 

1H) , 

4.88 

(d. 

1H) , 

5.15 

(d. 

1H), 7.10-7.30 

(m. 

12H) , 

7.48 

(m. 

2H) , 

8.45 

(m. 

2H) , 

8.50 

(m, 

2H). Mass spectrum 

: (M+H) + = 

« 581 







Example 221 

2J_S_).-Amino-5 (S) - (N- (N-m ethvl-N- ( (7- 
BYr i dv l )methyl) a m i no) caxbonv l ) -valinyl-amino) -l, 6 -diohenyi - 
1* 3-difluoro-4 (R)-hvdrox vhexane. 

To a solution of 250 mg of the resultant compound from 
Example 189 in 5 ml of dry THF was added 440 mg of the 
resultant compound from Example 3F. After 3 hours at RT, the 
solvent was evaporated in vacuo and purification by silica 
gel column chromotography provided the desired coumpound in 
70% yield. X H NMR (CDCI 3 ) : 8 0.90 (d, 3H) , 0.96 (d, 3H) , 

2.20 (m, 1H), 2.60 (m, 1H), 2.85-3.05 (m, 2H) , 3.00 (s, 3H), 

3.20 (m, 2H), 3.80-3.90 (m, 1H) , 4.20 (m, 1H) , 4.46-4.05 (m, 

3H), 6.05 (m, 1H), 6.76 (d, 1H), 7.10-7.30 (m, 12H), 7.70 (m, 

1H), 8.52 (m, 1H). Mass spectrum: (M+H) + = 568. 
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Examole 222 

2J.S) - (N- (3-Pvridvlmethoxvcarbonvl) amin o -5 (S) - (N- (N-methvI -w- 
■112-Pvridvl) methvl) amino) carbo nvl-valinvl-amino) - l.fi- 
diPhenvl-3,3-difluoro-4(R)- hydroxvhexane. 

To a solution of 240 mg of the resultant compound from 
Example 221 in- 2 ml of DMF was added 230 mg of the resultant 
compound from Example D-37A. After 72 hours, the solvent was 
removed in vacuo. Purification by silica gel column 
chromotography provided the desired compound in 90% yield. 


1 H NMR (CDCI 3 ) 

: 8 

0.86 

(d. 

3H) 

, 0 . 

95 

<d. 

3H) , 

2.22 (m. 

1H), 

2.60 

(m. 

1H) , 

2.95- 

3.20 

(m. 

3H) 

, 2 . 

96 

(s. 

3H) , 

3.90 (m. 

1H) , 

4.05 

(m. 

1H) , 

4.40 

(m, 1H), 

4.4 

6 (s 

, 2H), 

4.65 

(m, 1H), 

4.83 

(d, 

1H) , 

5.00 

(d, 1H), 6 

.85 

(d, 

1H) , 

• 7, 

, 10-7 

' .30 

(m, 14H), 

7.40 

(m. 

1H) , 

7.70 

(m. 

1H) , 

8 . ‘ 

15-8 . 

,55 

(m. 

3H) 

. Mass spectrum: 

(M+H) + = 

703. 












Example 223 

2 (S) ~ (N~ (3-PVridvlmethoxvcarbonvl) amin o -5 (S) - (N- (N-methvI -N- 
■ f ( 2 -Pvr i dvl).methvl) amino) carbonyl-v a linvl-amino)-!. 6- 
diPhenvl-3. 3-difluoro-4-ox o-hexane. 

Oxidation of the resultant compound from Example 222 
using sodium dichromate in acetic acid provided the desired 
compound in 40% yield. 1 H NMR (CDCI 3 ): 8 0.85 (d, 3H), 0.90 

(d, 3H), 2.20 (m, 1H), 2.70-3.25 (m, 4H) , 2.95 (s, 3H), 4.10 

(m, 1H), 4.40 (s, 2H), 4.80-5.00 (m, 2H), 5.20-5.30 (m, 2H), 

6.80 (d, 1H), 7.10-7.25 (m, 13H), 7.45 (m, 1H), 7.70 (m, 1H) 
8.45-8.50 (m, 3H). Mass spectrum: (M+H) + = 701. 

Example 224 

2(S)-(Acetvl-amino-5(S)- (N-(N-methvl-N- (2- 
pyridvl)methvl)amino) 

gaxbQ nvl-valinvl-amino)-1. 6-diphenvl-3. 3-difluoro- 4 m)- 

hvdroxyhexane. 
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To a solution of 100 mg of the reslultant compound from 
Example 221 in 2 ml of dry THF was added at 0°C 0.037 ml of 
TEA and 0.014 ml of acetyl chloride. After 0.5 hour, solvent 
was evaporated in vacuo. Purification by silica gel column 
chromotography provided 87 mg of desired compound. 1 H NMR 
(CDC13): 5 0.90 (d, 3H) , 0.95 (d, 3H) , 1.70 (s, 3H) , 2.20 

(m, 1H), 2.65 (m, 1H), 2.95-3.15 (m, 4H) , 3.00 (s, 3H), 3.80 

(m, 1H) , 4.10 (m, 1H) , 4.40 (m, 1H) , 4.50 (s, 2H) , 4.70 (m, 

1H), 5.40 (d, 1H) , 5.48 (d, 1H), 6.30 (m, 1H), 6.95 (d, 1H) , 

7.10-7.30 (m, 12H) , 7.70 (m, 1H), 8.50 (m, 1H) . Mass 

spectrum: (M+H) + = 610. 


Example 225 

2J.S) - (Acetvl-amino) -5 ( S) - (N- (N-methvl-N- (2- 
Kvridvl)methvl)amino) 

satboo vl-valinvl-amino)-1.6-diphenvl-3.3-difluoro-4-oxo- 

hexane. 

Oxidation of the resultant compound from Example 224 
using sodium dichromate in acetic acid provided the desired 
compound in 40% yield. !h NMR (CDCI 3 ): 8 0.86 (d, 3H), 0.90 

(d, 3H), 1.80 (s, 3H), 2.20 (m, 1H), 2.70-3.30 (m, 4H), 2.98 
(s, 3H) , 4.10 (m, 1H), 4.40 (s, 2H) , 5.05 (m, 1H) , 5.23 (m, 
1H), 5.70 <d, 1H) , 6.40 (m, 1H) , 6.80 (d, 1H) , 7.10-7.30 (m, 
12H), 7.70 (m, 1H), 8.46 (m, 1H). Mass spectrum: (M+H) + = 

608 . 


Example 226 

2(S)~(N-Methoxvcarbon vl-amino)-5(S)-(N-(N-methvl-N- (2- 

ovridvl) 

met hyl) amino).carbonvlTvalinvl-amino)- 1 . 6 -diphenvl- 3 . 3 - 
difluoro-4(R)-hydroxvhexane. 

To a solution of 100 mg of the resultant compound from 
Example 221 in 2 ml of dry THF was added 0.043 ml of TEA and 
0.030 ml of methylchloroformate. After 24 hours at RT, the 
solvent was removed in vacuo. Purification by silica gel 
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column chromotography provided 52 mg of desired compound. 1 H 
NMR (CDCI 3 ) : 8 0.88 (d, 3H) , 0.95 (d, 3H) , 2.20 (m, 1H) , 

2.65-3.15 (m, 4H), 3.00 (s, 3H), 3.50 (s, 3H), 3.90 (m, 1H), 

4.05 (m, 1H), 4.40 (m, 1H), 4.48 (s, 2H), 4.55 (m, 1H) , 4.70 

(m, 1H), 5.25 (d, 1H), 6.85 (m, 1H) , 7.10-7.30 (m, 12H), 7.70 

(m, 1H), 8.52 (m, 1H). Mass spectrum: (M+H) + = 626. 

Example 227 

21S )~(N-Methoxvcarbonvl-amino)-5(S)-(N-(N-methvl-N- (2- 

pyridyl) 

met hvl)amino)carbonyl-valinyl-amino)-1.6-diphenyl-3.3- 

difluoro-4-oxo-hexane. 

Oxidation of the resultant compound from Example 226 
using sodium dichromate in acetic acid provided the desired 
compound in 50% yield. !h NMR (CDCI 3 ): 5 0.86 (d, 3H), 0.90 

(d, 3H) , 2.20 (m, 1H), 2.70-3.30 (m, 4H), 3.00 (s, 3H) , 3.50 

(s, 3H) , 4.10 (m, 1H) , 4.42 (s, 2H) , 4.70 (m, 1H) , 5.05 9m, 

1H), 5.30 (m, 1H), 6.40 (m, 1H), 6.75 (d, 1H), 7.10-7.30 (m, 

12H) , 7.70 (m, 1H) , 8.50 (m, 1H) . Mass spectrum: (M+H) + = 

624 . 

Example 228 

3(S ),6 ( S)-Diamino-4,4-difluoro-5(R)-hydroxy-2-methyl-7- 

C-yclohexvlheptane. 

Using the procedure described in detail in Examples 189A 
to 189G, except replacing Boc-L-phenylalaninal with Boc-L- 
cyclohexyl-alaninal and replacing benzyl magnesium chloride 
with isopropyl magnesium chloride provided the desired 

compound. Mass spectrum: (M+H) + =279. 

Example 229 


3(S) 16 (S)- Bis- (2-Pvridvl-met hoxvcarbonvl-valinyl)amino-4.4- 
di£lnoro- 5(R)-hvdroxv-2-methvl-7-cvclohexvlheptane. 
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Using the resultant compound from Example 228 and 
coupling to 2 -pyridylmethoxyycarbony 1 -valine using the 
carbodiimide procedure provided the desired product in 75 % 
yield. ^ NMR (CDCI 3 ) : 5 0.80-1.20 (m, 22H) , 1.60 (m, 6 H), 

2.15 (m, 3H), 3.70 (m, 1H), 4.00 (m, 1H), 4.30-4.50 (m, 2H) , 

5.20 (m, 4H), 7.15 (m, 2H), 7.30 (m, 2H), 7.70 (m, 2H) , 8.55 

(m, 2H). Mass spectrum: (M+H) + =747. 

Example 230 

3(S),6(S)-Bis- (2-Pvridvlmethoxvcarbonyl-valinyl)amino-4.4- 
difluoro-5-QXQ-2-methvl-7-cyclohe xvlheptane. 

Oxidation of the resultant compound from Example 229 
using sodium dichromate in acetic acid provided the desired 
compound in 60% yield. !h NMR (CDCI 3 ) : 5 0.90-1.80 (m, 

21H), 2.00 (m, 1H), 2.15 (m, 1H), 3.95 (m, 1H), 4.05 (m, 1H) , 

4.60 (m, 1H) , 5.10 (m, 1H) , 5.25 (m, 4H), 5.60 (m, 1H) , 6.30 

(m, 1H) , 7.20 (m, 2H) , 7.40 (d, 2H) , 7.70 (m, 2H) , 8.60 (m, 

2H) . Mass spectrum: (M+H) + = 745. 


Example 231 


IIS). 6 (S)-Bis-(N-(N-methvl-N( 12- 
pyr i dy l )methyl)amino)carbonyl-vali n yl-amino)- 4 . 4 -difluoro- 
5(R)-hy droxv- 2 -meth vl-7-cvclohexvlheptane. 

Using the resultant compound from Example 228 and 
coupling to (N-(N-methyl-N-((2-pyridyl)methyl)amino)carbonyl- 
valine using the carbodiimide procedure provided the desired 


compound in 68 % yield. 1 H NMR (CDCI 3 ): 


o u. bo (a, JH), 


(d. 

3H) , 

0.90 

(d. 

3H) , 

0.95 (d. 

3H) , 

1.00 

(d. 

3H) , 

1.03 

(d. 

3H) , 

1.10 

-1.60 

(m. 

13H) 

, 2.20 (m, 

2H) f 

2.35 (m, 

1H) , 

3.00 

(S, 

3H) , 

3.02 

(s, 

3H) , 

3.70 

(m, 1H) , 

4.10 

(m, 

lh) , 

4.20 

(m. 

1H) , 

4.40 

(m. 

1H) , 

4.48 

(s. 

2H ), 4.53 

(s, 

2H) , 

4.78 

(d. 

1H) , 

6.20 

(m, 

1H) , 

6.50 

(m. 

2H) , 

7.20-7.30 

(m. 

4H) , 

7.70 

(m. 

2H) , 

8.50 

(m, 

2H) . 

Mass 

spectrum: 

(M+H) + « 

= 773 

# 
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Example 232 

3 (S), 6 (S) -Bis-(N-(N-methvl-N ((2- 
pyr i dy l )methvl) am i no)carbonv l-valinvl-amino)-4.4-difluoro-5- 
QXO-2-methvl-7-eyelohe xvlheptanft. 

Oxidation of the resultant compound from Example 231 
using sodium dichromate in acetic acid provided the desired 
compound in 55% yield. X H NMR (CDCI 3 ): 5 0.85 (d, 6 H), 0.88 

(d, 6 H) , 0.96 (m, 12H) , 1.10-1.80 (m, 13H) , 2.00 (m, 1H) , 

2.25 (m, 2H), 3.00 (s, 3H), 3.02 (s, 3H) , 4.00 (t, 1H), 4.10 

(m, 1H), 4.50 (m, 4H), 5.05 (m, 1H), 6.60 (d, 1H), 7.10-7.30 

(m, 4H), 7.70 (m, 2H), 8.55 (m, 2H). Mass spectrum: (M+H) + = 

771. 


Example 233 

4.(S), 7 (S) -Pia mino-2, 9-dimethvl-5. 5-difluoro-6 (R) -hvdroxy- 

dggane. 

Using the procedure described in detail in Examples 189A 
to 189G, except replacing Boc-L-phenylalaninal with Boc-L- 
leucinal and replacing benzyl magnesium chloride with 
isobutyl magnesium chloride provided the desired compound. 
2 H NMR (CDCI 3 ): 5 0.95 (m, 12H), 1.25-1.45 (m, 4H), 1.65 (m, 

1H ) f 1-85 (m, 1H), 3.20-3.35 (m, 2H) , 3.40 (t, 1H) , 3.50-3.60 
(m, 1H). Mass spectrum: (M+H) + = 253. 

Example 234 

4 (S),7(S)- (N-Ben z v l oxvcarb o n vl-valinvl)-amino- 2 . 9-dimethvl- 
5.5-difluoro- 6 (R) -hydroxy-decane. 

Using the resultant compound from Example 233 and 
coupling to benzyloxycarbonyl-valine using the carbodiimide 
procedure provided the desired compound in 65% yield. 1 H NMR 
(CDCI 3 ): 6 0.90 (m, 24H), 1.45-1.60 (m, 2H), 2.15 (m, 12H), 

3.90 (m, 2H), 4.25 (m, 2H), 4.60 (m, 1H), 5.10 (m, 4H), 5.40 
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(m, 2H), 6.00 (d, 1H) , 6.30 (d, 1H) , 7.35 (m, 10H) . Mass 

spectrum: (M+H) + = 719. 


Example 235 

A1S),7(S)-Bis-(N-(N-methvl-N- ((2- 
PVr i dvDmethvl) amino) carbonvl-va l invl-amlno)-2.9-riimethyl- 
■5_ I _5-dif luoro -6 (R) -hyd roxydecane . 

Using the resultant compound from Example 233 and 
coupling to (N-(-methyl-N-((2-pyriyl)methyl)amino) carbonyl- 

valine using the carbodiimide procedure provided the desired 
compoundin 76% yield. X H NMR (CDCI 3 ): 8 0.85 (d, 12H), 0.90 

(d, 3H) , 0.95 (d, 3H), 0.97 (d, 3H), 1.00 (d, 3H), 1.25-1.60 

(m, 6H), 2.20 (m, 1H) , 2.30 (m, 1H) , 2.97 (s, 3H) , 3.02 (s, 

3H) , 3.80 (m, 1H) , 4.10 (m, 1H) , 4.20 (m, 1H) , 4.50 (m, 4H) , 
4.85 (d, 1H) , 6.10 (m, 1H), 6.30 (d, 1H), 6.50 (d, 1H), 7.15- 
7.30 (m, 4H), 7.70 (m, 2H), 8.52 (m, 2H). Mass spectrum: 

(M+H) + = 747. 


Example 236 

i _LS) .US) -Bis- (N- (N-methvl) -N- ( (2- 
PYr i dy l )methy l ) am i no) carbonv l-valinvl-amino)- 2 .9-dimethyi-5. 

^■-difluoro- 6 -oxo-decane . 

Oxidation of the resultant compound from Example 235 
using sodium dichromate in acetic acid provided the desired 


compound in 50% yield. 

1 H NMR (CDCI 3 ): 5 

0.82 

(d, 

3H) , 

0.85 

(d. 

3H ), 0.87 

(d, 3H ), 

0.90 (d, 3H), 0.93 

<d. 

6 H) , 

0.96 

<d. 

6 H) , 

1.20-1.60 

(m, 6 H), 

2.20 (m, 2H), 3.00 

(s. 

3H) f 

3.02 

(s. 

3H) , 

4.00 (m. 

1H), 4.12 

(m, 1H) , 4.52 (m, 

4H) , 

4.70 

-4.75 

(m, 

1H), 

4.95 (m. 

1H), 6.30 

(m, 1H) , 6.42 (m. 

1H) , 

6.65 

(d. 

1H) , 

6.78 

(d, 1H), 

7.20-7.25 

(m, 4H), 7.70 (m. 

2H) , 

8.55 

(d, 

2H) . 

Mass 

spectrum: 

(M+H) + = 

745. 
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Example 237 

■12s. 4S) -2.4-Pi- r (N- fN- ^-pyridylmeth y l)oxy-carbonyl)-L-fcert- 
Leucvl }amino 1-3-hvdroxv-l,5-diphenvl pentane 

A. L-tert-Leucine Methvl ester Hyd rochloride 
To anhydrous methanol (15 mL) at -20 °C under nitrogen 
was added thionyl chloride (4 mL) dropwise. The solution was 
allowed to warm to room temperature and then tert-Leucine 
(4.00 g) was added. The reaction mixture was warmed at 50 °C 
for 5 hours, re-cooled to -20 °C, and then additional thionyl 
chloride (3 mL) was added dropwise. The reaction mixture was 
heated an additional 2.5 hours at 50 °C and then 
concentrated under reduced pressure and chased twice with 
methanol (15 mL) to afford an amorphous solid. The solid was 
triturated with ether to afford the title compound in 92% 
yield. The 300 MHz NMR spectrum was found to be consistent 
with the proposed structure. MS (DCI/NH 3 ) m/e 146 (M+H) + . 

N~rN-(2-Pvridvlmethvl)oxv-carbonvll-L-t e rt-Leucine Methyl 

ester 

To the compound resulting from Example 237A (3.03 g, 

16.6 mmol) dissolved in toluene (30 mL) under nitrogen was 
added triphosgene (5.4 g, 1.1 equiv). The reaction mixture 
was heated at 100 °C for 3 hours, and then the solvent was 
removed under reduced pressure. The residue was chased twice 
with toluene (2 x 15 mL) and dried under vacuum for 1 hour. 

To the above isocyanate (2.89 g, 16.88 mmol) dissolved 
in methylene chloride (20 mL) at room temperature was added 
2-pyridylcarbinol (1.79 mL, 1.1 equiv). The reaction mixture 
was stirred at room temperature overnight and then 
concentrated under reduced pressure. The residue obtained 
was chromatographed on silica gel eluting with 1:1 ethyl 
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acetate/hexane. The product was re-chromatographed eluting 
with 2 % methanol in methylene chloride to give the title 
compound. The 300 MHz X H NMR spectrum was found to be 
consistent with the proposed structure. MS (DCI/NH 3 ) m/e 281 
(M+H) + . 

C.. N~ fN- (2-Pvr i dv l methv l ) oxv-carbonyll -L-fcerfc-Lenci np 
To the compound resulting from Example 237B (1.00 g, 

3.57 mmol) dissolved in tetrahydrofuran (15 mL) was added 
0.5.M lithium hydroxide (14.2 mL, 2 equiv) . After 5 hours, 
the reaction mixture was poured into methylene chloride (25 
mL) and water (25 mL). The aqueous phase was separated, 
acidified to pH 4-5 with IN hydrochloric acid, and extracted 
with methylene chloride. The combined organic extracts were 
dried over sodium sulfate and concentrated under reduced 
pressure to afford the title compound as a white solid (60%). 
The 300 MHz X H NMR spectrum was found to be consistent with 
the proposed structure. MS (DCI/NH 3 ) m/e 267 (M+H) + . 

D. N~ fN~ (2-Pv ridvlmethvl) oxv-carbonvll -L-tert-Lgur-i n<* 4 - 

Mitroohenyl ester 

To the compound resulting from Example 237C (410 mg, 

1.54 mmol)•dissolved in 1:1 tetrahydrofuran/dimethylformamide 
was added 4-nitrophenol (256 mg, 1.2 equiv) followed by 1 - 
ethyl-3-(3 1 -dimethylamino)-propylcarbodiimide (EDAC) (354 mg, 
1.9 equiv). The reaction mixture was stirred overnight at 
room temperature and then diluted with methylene chloride (50 
mL). The solution was washed with water (35 mL), dried over 
sodium sulfate, and concentrated under reduced pressure. The 
residue obtained was chromatographed on silica gel eluting 
with 3:2 hexane/ethyl acetate-to afford the title compound in 
73%. The 300 MHz 2 H NMR spectrum was found to be consistent 
with the proposed structure. MS (DCI/NH 3 ) m/e 388 (M+H) + . 
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E-—L 2S, 4S) ~ 2 « 4-P i - f IN- TN- (2-Pvr idvlmethyl)oxY-carbonyn-T,- 
t ert-Leucy l laminol -3-hvdroxv-l. 5-diph e nvl penf.ana 
To the compound resulting from Example 237D (269 mg, 3 
equiv) dissolved in tetrahydrofuran (10 mL) containing 
triethylamine (0.4 mL, 4 equiv) was added the compound 
resulting from Example 6 F (65 mg). The reaction mixture was 
heated in an 80 °C oil bath for 6 hours, cooled to room 
temperature, stirred with 3N sodium hydroxide (2 mL) for 1 
hour and then extracted with methylene chloride. The organic 
phase was washed with water (35 mL), dried over sodium 
sulfate and concentrated under reduced pressure to afford 
crude material. Chromatography on silica gel eluting with 
10 % methanol in methylene chloride afforded the title 
compound (37%). X H NMR (CDCI 3 , 300 MHz) 8 0.92 (s, 18H) , 

2.57-3.44 (m, 14H), 3.80 (m, 3H) , 4.26 (m, 2H), 4.53 (m, 1H), 
5.10 (bd, 1H), 5.22 (m, 4H), 5.41 (bd, 2H), 5.54 (bd, 1H), 
6.35 (bd, 1H), 6.90 (bd, 1H), 7.10-7.35 (m, 18H), 7.69 (m, 

2H), 8.59 (m, 2H). MS (DCI/NH 3 ) m/e 767 (M+H) + . 

Example 238 

( 2 S, 4S) - 2 .4-D i - \ IN- TN- ( 2-Pvridylmethyl) oxv-carbonyl 1 -T.- 
Norvalvl)amino 1 -3-hvdroxy-l.5-di p henyl pentane 
In analogy to the procedure described in Example 237 N- 
[N-(2-Pyridylmethyl)oxy-carbonyl]-L-Norvaline was prepared 
from Norvaline. To this compound (84 mg, 0.353 mmol) 
dissolved in anhydrous dimethylformamide (5 mL) and cooled to 
0 °C was added the compound resulting from Example 6 F (75 mg, 
0.277 mmol) followed by 1-hydroxybenzotriazole (HOBT) (131 
mg, 3.5 equiv), l-ethyl-3-(3'-dimethylamino)- 
propylcarbodiimide (EDAC) (160 mg, 3 equiv) and triethylamine 
(0.1 mL, 3 equiv). The reaction mixture was allowed to warm 
to room temperature, stirred for 2 days and diluted with 
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methylene chloride (50 mL). The solution was washed with 
water (50 mL) , dried over sodium sulfate, and concentrated 
under reduced pressure. The residue obtained was 
chromatographed on silica gel eluting with 10 % methanol in 
methylene chloride to afford the title compound in 40% yield. 
1r NMR (CDC1 3 , 300 MHz) 8 0.79 (t, 3H) , 0.90 (t, 3H), 1.00- 

1.70 (m, 8 H), 2.94 (m, 2H), 3.18 (m, 2H), 3.70 (m, 1H), 3.88 
(m, 2H), 4.16 (m, 1H) , 5.00 (m, 2H), 5.21 (m, 2H), 5.69 (bd, 
1H), 6.35 (bd, 1H), 7.05-7.40 (m, 16H), 7.67 (m, 2H), 8.48 
(bd, 1H), 8.54 (bd, 1H). MS (DCI/NH 3 ) m/e 739 (M+H) + . 

Example 239 

(2S» 4S)~ 2 1 4-D i -fN—(2-(N-Ben zvloxycarbonvl)amino-?- 
CYC l ObUtY l aeetvl}amino1-3-hvdroxv-l.5-rH p henvl ppn^anp 

A,.. Cvclobutvlaceton itrile 

To a solution of cyclobutanemethanol (1.2 g, 0.0139 mol) 
dissolved in pyridine (5 mL) and cooled to 0 °C was added a 
catalytic amount of dimethylaminopyridine (DMAP) and tosyl 
chloride (2.92 g, 1.1 equiv). the reaction mixture was 
allowed to warm to room temperature and stirred for 4 hours. 
The reaction mixture was taken up in methylene chloride (50 
mL), washed with water (50 mL), dried over sodium sulfate, 
and concentrated under reduced pressure to afford the 
tosylate (92%). ' 

To the tosylate (14.3 g, 59.5 mmol) dissolved in 
dimethyl sulfoxide (20 mL) was added sodium cyanide (3.2 g, 

1.1 equiv). The reaction mixture was heated at 90 °C for 2 
hours, cooled to room temperature, diluted with ethyl acetate 
(300 mL), washed with H 2 O (3 x 100 mL), dried over sodium 
sulfate, and concentrated under reduced pressure to afford a 
yellow liquid. Vacuum distillation afforded the title 
compound (60%). b.p. 62 °C. 
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B... Cvclobutvlacetic acid 

The compound resulting from Example 239A (0.8 g, 8.41 
mmol) was dissolved in 50% aqueous sodium hydroxide (4 mL) 
and warmed at reflux for 4 hours. After cooling to room 
temperature, the reaction mixture was acidified to pH 2-3 
with IN hydrochloric acid and extracted with ethyl acetate 
(100 mL). The organic phase was washed with water (3 x 100 
mL), dried over sodium sulfate and concentrated under reduced 
pressure. 

^ N-Cvclobutvlacetvl-4-benzvl-2- oxazolidinonp 

To the compound resulting from Example 239B (0.95 g, 

8.32 mmol) dissolved in anhydrous tetrahydrofuran (8 mL) and 
cooled at -78 °C was added triethylamine (1.5 mL, 1.3 equiv) 
followed by pivaloyl chloride (1.12 mL, 1.1 equiv). The 
reation mixture was stirred at -78 °C for 15 minutes and room 
temperature for 1 hour and then cooled to -78 °C again. 

To (S) (—)—4—benzyl—2—oxazolidinone (2.65 g, 1.8 equiv) 
dissolved in tetrahydrofuran (25 mL) at -78 °C was added 2.5Af 
butyl lithium (5.98 mL, 1.8 equiv). After 5 minutes, this 
solution was cannulated into the above solution. The 
reaction mixture was allowed to come to room temperature and 
stirred for 2 hours. The reaction mixture was diluted with 
chloroform (150 mL), washed with 10% sodium bisulfite (100 
mL), dried over sodium sulfate, and concentrated under 
reduced pressure. The residue obtained was chromatographed 
on silica gel eluting with 3:2 hexane/ethyl acetate to afford 
the title compound in 58% yield. 


D . N~ rCvc l obuty l -2- a zi doacetvn -4- henzvl-2-oxazolidinone 
To the compound resulting from Example 239C (287 mg, 

1.05 mmol) dissolved in anhydrous tetrahydrofuran (10 mL) and 
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cooled to -78 °C under nitrogen was added potassium 
hexamethyldisilazide (0.5 M in toluene, 2.1 mL, 1 equiv). 

After 15 minutes at -78 °C, 2,4,6-triisopropylbenzenesulfonyl 
azide (Trisylazide) (389 mg, 1.2 equiv) in tetrahydrofuran (5 
mL) at -78 °C was cannulated into the reaction mixture. 

After 2 minutes at -78 °C, glacial acetic acid (0.18 mL, 3 
equiv) was added and the temperature was allowed to rise to 
30 °C with the use of a water bath. After 1.5 hours, 
methylene chloride (100 mL) was added; the solution was 
washed with water (3 x 50 mL), dried over sodium sulfate, and 
concentrated under reduced pressure. The residue obtained 
was chromatographed on silica gel eluting with 3:2 
hexane/ethyl acetate to afford the title compound in 77% 
yield. 


E. N-fCvclQbutvl-2-(Cbz-amino)acetvll-4-benzyl-2- 

oxazolidinone 

To the compound resulting from Example 239D (0.44 g, 1.4 
mmol) dissolved in 10:8:1'methanol, tetrahydrofuran and 
trifluoroacetic acid was added 10% palladium on carbon (100 
mg). The reaction mixture was placed under hydrogen for 
three hours. The catalyst was removed by filtration through 
Celite, washed with methanol (10 mL), and the filtrate 
concentrated under reduced pressure. Methylene chloride (10 
mL) was added to the residue obtained and the mixture was 
cooled to 0 °C. Benzylchloroformate (0.38 mL, 2 equiv) was 
added followed by triethylamine (0.3 mL, 3 equiv). The 
reaction mixture was allowed to warm to room temperature and 
stirred overnight. Sodium bisulfite was added and the 
reaction mixture was extracted with methylene chloride (100 
mL). The combined organic extracts were washed with water (3 
x 20 mL), dried over sodium sulfate, and concentrated under 
reduced pressure. The residue obtained was chromatographed 
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on silica gel eluting with 1:3 ethyl acetate/hexane to afford 
the title compound in 53 % yield. 

L 2-Cvclobutvl-2-(Cbz-am ino)acetic acid 
To the compound resulting from Example 239E (170 mg, 
0.402 mmol) dissolved in 1:3 water/tetrahydrofuran (4 mL) 
cooled to 0 °C was added lithium hydroxide (34 mg, 2 equiv). 
After 40 minutes, the reaction mixture was added to aqueous 
sodium chloride (20 mL) and then washed with methylene 
chloride (3 x 30 mL). The aqueous phase was acidified to pH 
2 with IN hydrochloric acid and then extracted with ethyl 
acetate (4 x 30 mL). The combined organic extracts were 
dried over sodium sulfate and concentrated under reduced 
pressure to afford the title compound as a white solid (71%) . 

£L—L2S.4S) -2.4-Di-IN-12-(N-Benzyloxycarbonyl)amino- 2 - 
CY-Clobutvlacetvl)amino 1 -3-hydroxy-1.5-diphenyl pentane 
The compound resulting from Example 239F (80 mg, 0.34 
mmol) was coupled with the compound resulting from Example 6 F 
(68 mg, 0.252 mmol) by the procedure described in Example 238 
to give crude material. Chromatography on silica gel eluting 
with 3% methanol in methylene chloride afforded the title 
compound (70 mg). 1 H NMR (CDCI 3 , 300 MHz) 8 1.46 (m, 14H) , 

2.32 (m, 1H), 2.60-3.30 (m, 6 H), 3.42 (bs, 1H), 3.70 (bs, 

2H), 4.07 (m, 1H), 4.72 (m, 1H), 4.83-5.05 (m, 4H), 5.20 (bs, 
1H), 5.52 (bs, 1H), 6.15 (bs, 1H), 7.10-7.38 (m, 20H). MS 
(DCI/NH 3 ) m/e 761 (M+H) + , 778 (M+H+NH 3 ) + . 

Example 240 

.(2S. 4S) -2«...4.-Di- fN-(2- (N-Benzyloxycarbon yl) amino- 2 - 
g-vclopentvlacetvl )amino1 -3-hydroxy-1.5-dipheny l pentane 
2-Cyclopentyl-2-(Cbz-amino)acetic acid was prepared in 
analogy to the procedure described in Example 239 starting 
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from cyclopentylacetic acid. This compound (135 mg) was 
coupled with the compound resulting from Example 6 F (107 mg) 
by the procedure described in Example 238 to afford crude 
product. Chromatography on silica gel eluting with 3 % 
methanol in methylene chloride afforded the title compound 
(110 mg). 1 H NMR (DMSO-d 6 , 300 MHz) 8 1.02-1.66 (m, 18H) , 

1.96 (m, 2H), 2.76 (m, 3H), 2.96 (m, 1H), 3.52 (m, 1H), 3.77 

(m, 4H), 4.09 (m, 1H), 5.01 (d, 4H) , 5.34 (bd, 1H), 7.00-7.47 

(m, 22H). MS (DCI/NH 3 ) m/e 789 (M+H) + . 

Example 241 

1 2S, 4S) ~2, 4-Di- f-N- (2- (N-Benzvloxycarb o nvl) amino- 2 - 
CVClQPrOPVlacetvl)amino1-3-hvd roxv-l.5-diphenyl pentane 
2-Cyclopropyl-2-(Cbz-amino)acetic acid was prepared in 
analogy to the procedure described in Example 239 starting 
from cyclopropylacetic acid. This compound (230 mg, 0.923 
mmol) was coupled with the compound resulting, from Example 6F 
(208 mg) by the procedure described in Example 238 to afford 
crude product. Chromatography on silica gel eluting with 5% 
methanol in methylene chloride afforded the title compound 
(220 mg) as a white solid. 1 H NMR (CDCI 3 , 300 MHz) 8 0.10- 

0.66 (m, 10H), 0.91 (m, 1H), 1.13 (m, 1H), 2.90-3.30 (m, 8 H), 

3.57 (bs, 2H), 3.95 (bs, 1H), 4.40-4.93 (m, 4H) , 5.30 (m, 

2H), 5.55 (bd, 1H), 6.49 (m, 1H), 7.10-7.37 (m, 20H). MS 

(DCI/NH 3 ) m/e 733 (M+H) + . 


Example 242 

(2S.4S)~ 2 .4-Di-TN-fN-Boc-(Thiazol-2-yl ) Alanyl>amino)-3- 
hvdroxv-1.5-dipheny l pentane 
N-Boc-(Thiazol-2-yl)Alanine (264 mg) was coupled with 
the compound resulting from Example 6F by the procedure 
described in Example 238 to afford crude material. 
Chromatography on silica gel eluting with 7% methanol in 
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methylene chloride afforded the title compound as a white 
solid (58%). 1 H NMR (CDCI 3 , 300 MHz) 8 1.22 (s, 9H) , 1.40 

(s, 9H), 2.80-3.50 (m, 11H), 3.64 (bs, 1H) , 3.77 (bs, 1H), 
4.21 (bs, 1H), 4.64 (bs, 1H), 5.68 (m, 1H), 5.97 (m, 1H), 

6.07 (bs, 1H), 6.89-7.33 (m, 14H), 7.48 (m, 1H), 7.77 (bs, 

1H), 8.61 (bs, 1H). MS (DCI/NH 3 ) m/e 779 (M+H) + . 

Example 243 

(2S,5R)-N-T2-(N-Cbz-Valvl)amino-3-phenyl -l-propyll -N-hvriroxy- 
Fhenvlala nvl-Valvl N-(2-Hvdroxvethvl)amide 

A. N-Boc-Phenvlalaninal 

To dimethyl sulfoxide (2.82 mL, 39.8 mmol) dissolved in 
anhydrous methylene chloride (5 mL) and cooled to -78 °C was 
added dropwise oxalyl chloride (2.6 mL, 1.5 equiv). After 10 
minutes at -78 °C, N-Boc-Phenylalaninol (5.00 g, 19.9 mmol) 
dissolved in anhydrous methylene chloride (75 mL) was 
cannulated into the reaction mixture. After 15 minutes at 
-78 °C, the reaction was stirred for 2 minutes at 0 °C and 
then cooled again to -78 °C. Triethylamine (11.9 mL, 4.3 
equiv) was added dropwise. After 25 minutes, the reaction 
was quenched with cooled 10% citric acid (15 mL) and then 
diluted with additional 10% citric acid (75 mL). Ether (300 
mL) was added and the solution was washed with water (5 x 100 
mL), brine, water (5 x 100 mL), and brine, dried over sodium 
sulfate, and concentrated under reduced pressure to afford 
the title compound (4.22 g). 

B . ( 2 S,5R)-N-f 2~( N-Boc-am i no)-3-phenv l - l-propvl1-Phenvlalanyl 

Methyl ester 

To the compound resulting from Example 243A (4.22 g, 

16.9 mmol) dissolved in isopropyl alcohol (60 mL) at 0 °C was 
added phenylalanine methyl ester hydrochloride ( 3.94 g, 1.08 
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equiv) followed by sodium acetate (2.91 g, 2.1 equiv). After 
stirring 30 minutes at 0 °C, the reaction mixture was cooled 
to -35 °C and treated with sodium cyanoborohydride (1.33 g, 
1.25 equiv). The reaction mixture was allowed to warm to 
room temperature and stirred overnight. The solvent was 
removed under reduced pressure and the solid obtained 
dissolved in ethyl acetate (300 mL). The solution was washed 
with saturated sodium bicarbonate (2 x 100 mL), water (100 
mL), and brine (100 mL), dried over sodium sulfate, and 
concentrated under reduced pressure. The crude product was 
chromatographed on silica gel eluting with 1:4 ethyl 
acetate/methylene chloride to afford the title product. The 
300 MHz 1 H NMR spectrum was found to be consistent with the 
proposed structure. MS (DCI/NH 3 ) m/e 413 (M+H) + . 


—L2.S, 5R) -N- F2- (N-Boc-amin o) -3-phenvl-l-propvl 1 -N-hvHrnxy- 

Rhenvlalanvl Meth yl ester 


To the compound resulting from Example 243B (325 mg, 
0.788 mmol) dissolved in acetone (3 mL) at -40 °C was added 
dropwise 0.09 M dimethyldioxirane (3 equiv) . After 1 hour at 
-40 °C, the reaction was warmed to 0 °C and stirred for 1 
hour. The reaction was warmed to room temperature and 
additional 0.09 M dimethyldioxirane (2 equiv) was added. 

After 1 hour, the solvent was removed under reduced pressure. 
The residue obtained was chromatographed on silica gel 


eluting with 1 :9 ethyl acetate in methylene chloride to 
afford the title compound as a white solid (53%). 1 H NMR 
(CDCI 3 , 300 MHz) 8 1.43 (s, 9H), 2.50 (m, 1H) , 2.79 (m, 2H), 

2.98 (d of d, 1H), 3.10 (d, 2H), 3.49 (t, 1H), 3.64 (s, 3H), 
4.12 (m, 1H), 4.74 (bd, 1H), 6.61 (bs, 1H), 7.04 (bd, 1H), 
7.24 (m, 10H). MS (DCI/NH 3 ) m/e 429 (M+H) + . 
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B_.—(2S. 5R) -N- T2- (N-Boc-am ino) -3-phenyl-l-propyl 1 - 

Phenylalanine 

To the compound resulting from Example 243B (335 mg, 

8.12 mmol) dissolved in 2:1 tetrahydrofuran/water (15 mL) was 
added lithium hydroxide monohydrate (1.5 equiv). After 1.74 
hours, IN hydrochloric acid (1.5 equiv) was added and the 
solvent removed under reduced, pressure to afford the title 
compound as a white solid (73%). MS (DCI/NH 3 ) m/e 399 
(M+H) + . 


EL.— LZS. 5R) -N- \2- (N-Boc-amino) -3-phenyl-l -propyl 1 - 
Phenvlalanvl-Valvl Benzvl est-er 
The compound resulting from Example 243D (223 mg, 0.819 
mmol) was coupled with Valine benzyl ester methanesulfonate 
salt (257 mg, 0.6766 mmol) by the procedure described in 
Example 238 to afford crude material. Chromatography on 
silica gel eluting with 2 % methanol in methylene chloride 
afforded the title compound as a white solid (166 mg, 35 %). 

EL.—(2 S« 5R) - N- (2- (N-Boc-ami no) -3-phenyl-l-propyll -N-hydroxy- 
Phenvlalanvl-Valyl Benzyl ester 
The compound resulting from Example 243F (166 mg) was 
reacted with dimethyldioxirane by the procedure described in 
Example 243C to give crude material. Chromatography on 
silica gel eluting with 2 % methanol in methylene chloride 
afforded the title compound as a white solid (63%). 1 H NMR 
(CDCI 3 , 300 MHz) 8 0.85 (m, 6 H) , 0.95 (m, 1H), 1.40 (s, 9H), 

2.19 (m, 1H), 2.46 (m, 1H), 2.62-2.90 (m, 3H), 3.10 (m, 4H), 
3.49 (m, 1H), 4.20 (bs, 1H), 4.54 (m, 2H), 5.15 (m, 3H), 7.09 
(bd, 1H), 7.10-7.46 (m, 15H). MS (DCI/NH 3 ) m/e 604 (M+H) + . 


£L— (2S.5R)-N-r 2-Amino-3-phenvl-l-propyl1 - Phenylalanyl-Valy1 

Benzyl ester 
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To the compound resulting from Example 243E (528 mg, 

0.99 mmol) dissolved in dioxane (20 mL) and cooled to 0 °C 
was added dropwise 4. AM hydrochloric acid in dioxane (0.56 
mL). The reaction mixture was allowed to warm to room 
temperature and then additional 4.4Af hydrochloric acid in 
dioxane (10 mL) was added. After 30 minutes, the reaction 
was worked up to afford the title compound in 72% yield. 

iL—(2S.5R)-N-f2-(N-Cbz-Valyl)amin o-3-phenyl-l-propyll- 
Phenvlalanyl-Valyl Be nzyl ester 
The compound resulting from Example 243G (100 mg, 0.2046 
mmol) was coupled with N-Cbz-L-Valine (62 mg, 1.2 equiv) by 
the procedure described in Example 238 to give crude 
material. Chromatography on silica gel eluting with 2 % 
methanol in methylene chloride afforded the title compound in 
53% yield. 

X-.—(2S. 5R) -N- f2- (N-Cbz-Valyl) amino -3-phenyl- 1 -propyl! -N- 
hvdroxv-Phenvlalanyl-Valyl Benzyl ester 
The compound resulting from Example 243H (50 mg, 0.07 
mmol) was reacted with dimethyldioxirarie by the procedure 
described in Example 243C to afford crude material.. 
Chromatography on silica gel eluting with 5% methanol in 
methylene chloride afforded the title compound (74%) . 1 H NMR 
(CDCI 3 , 300 MHz) 8 0.65 (m, 8 H), 2.10 (m, 1H), 2.21 (m, 1H), 

2.42 (m, 1H), 2.60 (m, 1H), 2.80 (m, 1H), 3.05 (m, 2H), 3.40 
(m, 1H), 3.72 (m, 1H), 4.40 (m, 1H), 4.55 (m, 1H), 4.95 (m, 

1H), 5.00-5.24 (m, 3H), 6.13 (m, 1H) , 7.05 (m, 1H) , 7.14-7.49 
(m, 15H). MS (DCI/NH 3 ) m/e 737 (M) + . 


—(-2S. 5R) -N- \2- (N-Cbz-Valyl) amino-3-p henyl-l-propyl 1 - 
Phenvlalanvl-Valyl N-(2-Hydrox yethyl)amide 
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The compound resulting from Example 243H (232 mg, 0.3213 
mmol) was hydrolyzed by the procedure described in Example 
239F and triturated with acetonitrile to give the carboxylic 
acid as a white solid ( 88 %). 

The above carboxylic acid (203 mg, 0.3213 mmol) was 
coupled with ethanolamine (15.9 mg, 0.2678 mmol) by the 
procedure described in Example 238 to give crude material. 
Chromatography on silica gel eluting with 8 % methanol in 
methylene chloride afforded the title compound as a white 
solid (51%). 1 H NMR (CDC13, 300 MHz) 8 0.70-0.97 (m, 12H) , 

2.60-2.94 (m, 4H), 3.64 (m, 2H), 4.00 (m, 2H), 5.10 (m, 2H), 
5.52 (bd, 1H), 6.78 (bd, 1H), 7.00 (m, 1H), 7.10-7.40 (m, 

15H), 7.96 (bd, 1H). MS (DCI/NH 3 ) m/e 674 (M+H) + . 

EL,— ( ,2 S« 5R) -N- T2- (N-Cbz-Valyl) amino -3-phenyl-l-propyl 1 -N- 
hYdrOXY-Phenvla lanvl-Valvl N-(2-HvdroxyethvH amide 
The compound resulting from Example 243J (110 mg, 0.163 
mmol) was reacted with dimethyldioxirane by the procedure 
described in Example 243C to give crude material. 
Chromatography on silica gel eluting with 8 % methanol in 
methylene chloride afforded the title compound as a white 
solid (50%). This compound was re-chromatographed on silica 
gel eluting with 6 % methanol in methylene chloride. ■'’H NMR 
(CDCI 3 , 300 MHz) 8 0.70-1.00 (m, 12H), 2.11 (m, 2H), 2.31 (m, 

1H), 2.55-3.19 (m, 6 H), 3.29 (m, 2H), 3.64 (m, 4H), 3.84 (m, 

1H), 4.26 (m, 1H), 4.41 (m, 1H), 5.10 (m, 2H), 6.21 (m, 1H), 

6.48 (m, 1H), 6.82 (m, 1H) , 6.90-7.40 (m, 15H) . MS (DCI/NH 3 ) 

m/e 690 (M+H) + . 


Example 244 

1 2S,3R« 4S)-2,4-Di- (N-f (2-PvridvlmethYl) oxycarbonyll-L- 
ya l Yl}amino-3-hvdroxv-l-phenvl-5 - (4-meth y lphenvl) pentane 
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h. 2-Boc-A mino-l-phenvl-5-(4-methvlohenvl) pent-.Vpn P 
To a solution of anhydrous copper(I) cyanide (0.29 g, 

3.2 mmol) dissolved in anhydrous tetrahydrofuran (100 mL) 
under nitrogen and cooled in a dry ice/acetone bat'h was added 
a solution of p-tolylmagnesium bromide (1M solution in ether) 
(33 mL, 33 mmol) via syringe. The dry ice/acetone bath was 
removed and replaced with a cold water bath. When the 
internal temperature reached -1 °C, the mixture was cooled in 
a dry ice/acetone bath and a solution of 2-Boc-amino-3- 
methanesulfonyloxy-l-phenyl-pent-4-ene (3.58 g, 10.5 mmol) 
dissolved in tetrahydrofuran (20 mL) was added via syringe. 
The mixture was stirred at -70 °C for 15 minutes. The bath 
was removed, and the solution was immediately treated with 
saturated ammonium chloride solution (20 mL) followed by 
ether (60 mL). As the mixture warmed, IN ammonium hydroxide 
(20 mL) was added. The mixture was stirred at room 
temperature overnight and then extracted with ether (100 mL). 
The organic phase washed with saturated sodium chloride 
solution, dried over magnesium sulfate, and concentrated 
under reduced pressure to afford the crude compound as a 
semi-solid residue (3.77 g). Chromatography on silica gel 
eluting with hexane and 5% ethyl acetate in hexane afforded 
the title product as a white solid (1.6607 g, 45%). m.p. 92- 
93 °C. 

B . 2~BQC-AminQ-3. 4-ePOXV-l-Phenyl-5-(4-methyl p henyl) pentane 

To a suspension of the product resulting from Example 
244A (1.63 g, 4.64 mmol) and sodium bicarbonate (2.0 g, 23.8 
mmol) in methylene chloride (26.7 mL) and cooled in an ice 
bath was added m-chloroperbenzoic acid (50%, 3.20 g, 9.27 
mmol). When the reaction mixture became a thick mass, 
additional methylene chloride (7 mL) was added and stirring 
was continued at ice bath temperature for 7 hours and then 
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the reaction mixture was placed in the refrigerator for two 
days. The reaction mixture was stirred in ether (40 mL) and 
10% aqueous sodium thiosulfate pentahydrate (53 mL) for 2.5 
hours. The layers were separated and the organic layer 
washed with 2 N sodium hydroxide (27 mL); additional ether (75 
mL) was added. The organic layer was washed with water (27 
mL) and brine (27 mL). The combined aqueous layers were 
back-extracted with ether (3 x 50 mL) and these combined 
ether extracted were washed with water (50 mL) and brine (50 
mL). The combined organic extracts were dried over magnesium 
sulfate and concentrated under reduced pressure to afford 
crude material. Chromatography on silica gel eluting with 
1:5 ethyl acetate/hexane afforded an oil which solidified on 
standing to give the title product (1.158 g, 68%) . 

C . 2 -Boc-Amino-4-azido-3-hvdroxv-l-phenyl-5- (4-methylphenyl) 

pentane 

A solution of the product resulting from Example 244B 
(1.1464 g, 3.12 mmol), lithium azide (844.9 mg, 17.25 mmol), 
and ammonium chloride (208.8 mg, 3.90 mmol) in 
dimethylformamide (10 mL) and water (1.0 mL) was stirred and 
warmed at 70 °C under nitrogen for 32 hours and let stand for 
two days at room temperature. The reaction mixture was 
partitioned between 1:1 ethyl acetate/hexane (120 mL) and 
water (96 mL). The aqueous layer was back-extracted with 1:1 
ether/hexane (2 x 60 mL). The combined organic extracts were 
washed with water (50 mL) and brine (25 mL), dried over 
magnesium sulfate, and concentrated under reduced pressure. 

The residue obtained was chromatographed on silica gel 
eluting with a gradient of ethyl acetate/hexane of 1:9 going 
to 1:5 to afford the title compound (1.0674 g, 83%). m.p. 

110 °C. 
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D., 2-BQC-AminQ-4-amino-3-hydroxy-l- phenyl-5- M-methvlphenyl) 

pentane 

To a suspension of 10% palladium on carbon (206 mg) in 
methanol (5.8 mL) was added ammonium formate (1.14 g, 18.1 
mmol) with stirring under, nitrogen. After 10 minutes, the 
compound resulting from Example 244C (1.05 g, 2.56 mmol) 
dissolved in methanol (9.2 mL plus 1.0 mL wash) was added. 
After 2.25 hours, the reaction mixture was filtered through a 
Millipore filter (EH type). The filtrate was concentrated 
under reduced pressure to approximately 6 mL, sodium chloride 
was added, and the mixture was extracted with chloroform (3 x 
25 mL) . The combined organic extracts were dried over 
magnesium sulfate and concentrated under reduced pressure to 
afford crude material (942 mg). Chromatography on silica gel 
eluting with 1:20 methanol/hexane afforded the title compound 
(698 mg). 


E. 2.4-Diamino-3-hvdroxv-l-phenvl-5-M-methylp h enyl) pentane 
A solution of the compound resulting from Example 244D 
(691 mg, 1.797 mmol) in AM hydrochloric acid in dioxane (10 
mL) was stirred at room temperature for 2 hours and then 
concentrated under reduced pressure. The residue obtained 
was taken up in a mixture consisting of chloroform (100 mL), 
methanol (3.32 mL), 5% sodium bicarbonate solution (6.65 mL), 
and 3.0 M sodium hydroxide solution (6.65 mL). The aqueous 
layer was extracted with chloroform (50 mL). The combined 
organic extracts were dried over magnesium sulfate and 
concentrated under reduced pressure to afford the title 
compound as a white solid (467 mg, 91%). m.p. 126-128 °C. 

EL. — 12S., 3R.4S)-2.4-Di-fN-r (2-pyri dylmethyl) oxycarbonyll -L- 
Yalvl }am ino-3-hvdrQxv-l-Phenvl-5-(4-methylphenvl) pentane 
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Triethylamine (0.15 mL, 1.052 mmol) was added to a 
stirred solution of the compound resulting from Example 244E 
(74.8 mg, 0.263 mmol) and N-[(2-pyridylmethyl)oxycarbonyl]- 
Valine 4-nitrophenyl ester (294.5 mg, 0.789 mmol) dissolved 
in anhydrous tetrahydrofuran (7.5 mL). The reaction mixture 
was stirred at reflux under nitrogen for 5 hours and then at 
room temperature overnight. A solution of 3 M sodium 
hydroxide (1.5 mL) was added, and the reaction mixture was 
stirred at room temperature for 2 hours, diluted with 
chloroform (100 mL), washed with 0.5 M sodium hydroxide (4 x 
15 mL) and brine (15 mL), dried over magnesium sulfate, and 
concentrated under reduced pressure to afford crude material. 
Chromatography on silica gel eluting with 1:30 methanol in 
methylene chloride afforded the title compound (106 mg, 54 %). 
m.p. 195-198 °C. MS (DCI/NH 3 ) m/e 753 (M+H) + . 

Example 245 

,(2S. 3R, 4S) -2.4-Pi- IN- r (2-pyridYlmethyl 1 o xycarbonyl 1 -L- 
y^lyl)a minQ-3-hvdroxv-l-phenvl-5-(2-methvlphenvl) pentane 
2 ,4-Diamino-3-hydroxy-l-phenyl-5-(2-methylphenyl) 
pentane was prepared in analogy to Example 244E using the 
ortho- rather than para-substituted Grignard reagent. This 
compound (149.6 mg) was coupled with N—[(2— 
pyridylmethyl)oxycarbonyl]-Valine 4-nitrophenyl ester (589 
mg) by the procedure described in Example 244F to give the 
title compound (172 mg). 1 H NMR (CDCI 3 , 300 MHz) 8 0.57-1.02 

(M, 12H), 1.98 (M, 1H), 2.25 (M, 2H), 2.29 (S, 3H), 2.77 (M, 

1H), 3.10 (BD, 2H), 3.35 (M, 1H), 3.70 (M, 3H), 4.02 (M, 2H), 

5.10 (M, 6 H), 5.72 (BD, 1H), 6.30 (BD, 1H) , 7.00-7.30 (M, 

18H), 7.66 (M, 2H), 8.55 (M, 2H). MS (FAB) m/e 753 (M+H) + . 
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Example 246 

.(2S« 3R, 4S) -2,4-Di- IN- r (2-pyridyl methyl)oxycarbonyl!-L- 
Yalyl}amino-3-hvdr oxv-l-phenvl-5-(3-methvlphenvl) pentanp 

2 .4- Diamino-3-hydroxy-1-phenyl-5-(3-methylphenyl) 

pentane was prepared in analogy to Example 244E using the 
meta- rather than para-substituted Grignard reagent. This 
compound (149.6 mg) was coupled with N-[(2- 
pyridylmethyl)oxycarbonyl]-Valine 4-nitrophenyl ester (589 
mg) by the procedure described in Example 244F to give the 
title compound (136 mg). NMR (CDCI 3 , 300 MHz) 8 0.68 (d, 

3H), 0.77 (d, 3H), 0.90 (m, 6 H) , 2.01 (m, 1H), 2.25 <s,3H), 
2.29 (m, 2H), 2.95 (m, 3H), 3.15 (m, 2H), 3.68 (m, 2H) , 3.85 
(m, 3H), 4.10 (m, 1H), 5.14 (m, 5H), 5.33 (m, 1H), 5.87 (bs, 
1H), 6.40 (bs, 1H), 6.90-7.40 (m, 18H), 7.74 (m, 2H), 8.57 
(m, 2H) . MS (FAB) m/e 753 (M+H) + . 

Example 247 

(2S,3R.4S)-2,4-Di-(N-r(3-pyridy lmethyl)oxycarbonyl1-L- 
Valvl}amino-3-hvdroxv-l-phenyl -5-(4-fluorophenvl) pentane 

2.4- Diamino-3-hydroxy-l-phenyl-5-(4-fluorophenyl) 
pentane was prepared in analogy to Example 244E using the 
para-fluoro rather than para-methyl substituted Grignard 
reagent. This compound (152.8 mg) was coupled with N-[(2- 
pyridylmethyl)oxycarbonyl]-Valine 4-nitrophenyl ester (589 
mg) by the procedure described in Example 244F to give the 
title compound (186 mg). 1 H NMR (CDCI 3 , 300 MHz) 8 0.67 (d, 

3H), 0.75 (d, 3H), 0.89 (m, 6 H), 2.00 (m, 1H), 2.26 (m, 1H), 
2.85 (m, 1H), 3.10 (m, 4H), 3.55-4.10 (m, 6 H), 5.04-5.37 (m, 
6 H), 5.66 (bd, 1H), 6.27 (bd, 1H), 6.90 (m, 2H), 7.05-7.35 
(m, 16H), 7.67 (m, 2H), 8.54 (m, 2H). MS (DCI/NH 3 ) m/e 757 
(M+H) + . 
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Example 248 

12S. 3R,4S) -2, 4-Di-(N-fN-methyl-N- (2-pyridvlmethyl)amino- 
Ithiocarbonvl) 1 -L-Valvl )amino-3-hyd r oxy-l. 5-diphenyl pentane 

A,—(1-Carbomethoxisobutvl)i sothiocyanate 
To a stirred suspension of Valine methyl ester 
hydrochloride (1.0 g, 5.96 mmol) in chloroform (10 mL) cooled 
to -20 °C was added thiophosgene (0.48 mL, 6.26 mmol) 
followed by the dropwise addion of triethylamine (2.49 mL, 
17.88 mmol) in chloroform (10 mL). The reaction mixture was 
stirred at -20 °C for 15 minutes and then O.lAf hydrochloric 
acid (10 mL) was added. The organic layer was washed with 
water (4x5 mL), dried over magnesium sulfate, and 
concentrated under reduced pressure to afford the title 
compound ( 1.01 g). 

• A . N~TN-Met hvl-N-( 2 -Pvr i dvlm e t hvl)amino-(thiocarbonyl)1 - 

Valine Methyl ester 

To a suspension of N-methyl-N-(2-pyridylmethyl)amine 
dihydrochloride (809.9 mg, 4.15 mmol) in methylene chloride 
(40 mL) was added 4-methylmorpholine (1.14 mL, 10.37 mmol) 
followed by a solution of the compound resulting from Example 
248A (1.01 g) in methylene chloride (10 mL). The reaction 
mixture was stirred at room temperature overnight. The 
reaction mixture was washed with water (3 x 15 mL), dried 
over magnesium sulfate, and concentrated under reduced 
pressure to afford crude material (1.54 g). Chromatography 
on silica gel eluting with 1:7 ethyl acetate in methylene 
chloride afforded the title compound (1.2275 g, 100 %). 


C. N-TN-Methvl-N- (2-pyridylmethyl)amin o-(thiocarbonyl) 1 - 

Valine 


To a solution of the compound resulting from Example 
248B (1.22 g, 4.13 mmol) dissolved in tetrahydrofuran (15 mL) 
and cooled in an ice bath was added 0.5 M lithium hydroxide 
(16.5 mL, 2 equiv). The reaction mixture was stirred in the 
ice bath for 1 .5 hours and then at room temperature for 3 
hours. Water (25 mL) was added and the mixture was washed 
with methylene chloride (25 mL). The aqueous layer was 
separated, acidified to pH 3-4 with IN hydrochloric acid 
(8.25 mL), and extracted with ethyl acetate (5 x 25 mL). The 
combined organic extracts were dried over magnesium sulfate 
and concentrated under reduced pressure to afford the title 
compound (929 mg). 

H.— (2S.4S)-2.4-Di-IN-fN-methvl-N-(2-py r idylmethvl)amino- 
(thiocarbonvl) 1-L-Valvl)amino-3-hyd roxy-l.5-diphenyl pentane 
To a stirred solution of the resultant compound of 
Example 6 F (54 mg, 0.2 mmol), the compound resulting from 
Example 248C (135.1 mg, 0.48 mmol), l-ethyl-3- (3'- 
dimethylamino)-propylcarbodiimide (EDAC) (191.7 mg, 1 mmol) 
and 1-hydroxybenzotriazole hydrate (HOBT) (189.2 mg, 1.4 
mmol) in anhydrous dimethylformamide (2.5 mL) under nitrogen 
and cooled in an ice bath was added via syringe triethylamine 
(0.14 mL, 1 mmol). The mixture was stirred in the ice bath 
allowing the temperature to gradually rise to room 
temperature over 2 hours. After 24 hours, the mixture was 
concentrated under reduced pressure and the residue obtained 
triturated with water (20 mL) and extracted with ethyl 
acetate (4 x 20 mL). The combined organic extracts were 
dried over magnesium sulfate and concentrated under reduced 
pressure to afford crude material (250 mg). Chromatography 
on silica gel eluting wtih 1:40 methanol in methylene 
chloride afforded the title compound (49.7 mg, 31%) as an 
amorphous solid. 1 H NMR (CDCI 3 , 300 MHz) 8 0.69-1.10 (m. 
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12H), 1.67 (m, 2H), 2.07 (m, 1H), 2.40 (m, 1H) , 3.07 (m, 1H), 
3.23 (m, 2H) , 3.37 (s, 3H) , 3.60 — 3.94 (in, 2H) , 4.06 (m, 1H) , 
4.37-4.56 (m, 2H), 4.80 (m,2H), 4.98 (m, 1H), 7.00 (bd, 1H), 
7.08-7.48 (m, 15H), 7.56-7.83 (m, 3H) , 8.15 (m, 1H), 8.30 (m, 
1H), 8.54 (m, 2H). MS (FAB) m/e 797 molecular ion. 

Example 249 

12 S, 3R| 4Rr 5S) -2,4-Di-{N- FN-methvl-N- (2-pvridvlmet h yl)amino- 
(th l OCarbQIlvl) 1 -L-Valvl) amino- 3 .4-dihydr o xy-l. 6-diphenyl 

hexane 

A. N~ TN-Methyl-N-(2-Pvridvlmethvl)am ino-(thiocarbonyl)1 - 
Valine 4-Nitrophenyl ester 

To a solution of the compound resulting from Example 
248C (281.3 mg, 1 mmol) and 4-nitrophenol (153 mg, 1.1 mmol) 
dissolved in anhydrous methylene chloride (14 mL) and cooled 
in an ice bath was added dicyclohexylcarbodiimide (DCC) (227 
mg, 1.1 mmol). The reaction mixture was stirred in the ice 
bath for 2 hours and then at room temperature for 3 hours. 

The by-product was removed by filtration and the filtrate 
concentrated under reduced pressure to afford the title 
compound. 


B.. (2S.3R.4R.5S)-2.4-Di-fN-rN-methvl-N-f?- 
pvridvlmethvl)amino-(thioc arbonyl)1-L-Valyl}amino-3.4- 
dihvdroxv-1.6-dipheny l hexane 
The compound resulting from Example 249A (0.8 mmol) and 
the compound resulting from Example 4A (132 mg, 0.4 mmol) 
were stirred in anhydrous dimethylformamide (4 mL) at room 
temperature for 16 hours. The reaction mixture was diluted 
with ethyl acetate (200 mL) and washed with 5% sodium 
bicarbonate solution (3 x 30 mL). The organic phase was 
dried over magnesium sulfate and concentrated under reduced 
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pressure to afford crude material (683.4 mg). Chromatography 
on silica gel eluting with 1:30 methanol in methylene 
chloride afforded the title compound (77.2 mg). NMR 

(CDCI 3 , 300 MHz) 8 0.71 (d, 3H), 0.81 (d, d of d, 9H), 0.90 

(d of d, 6 H), 2.05 (m, 1H), 2.24 (m, 2H) , 2.80-2.95 (m, 4H), 
3.30-3.36 (2s, 6 H), 3.58 (m, 2H), 3.75 (m, 1H), 3.87 (m, 1H), 
4.31 (m, 2H), 4.58-4.85 (m, 6 H) , 6.39 (m, 2H), 7.05-7.35 (m, 
16H), 7.64-7.80 (m, 2H), 8.47 (m, 2H). MS (FAB) m/e 827 
(M+H) + , 849 (M+Na) + . 


Example 250 

1 2 S.3R,4S)-2.4-Pi-fN-Cbz-L-Histidyl)a m ino-3-hvdroxv-l-pheny 1 - 

5-(4-methvlphenyl) pentane 

To a stirred solution of the compound resulting from 
Example 244E (85.3 mg, 0.3 mmol), HOBT (121.6 mg, 0.9 mmol), 
and EDAC (172.5 mg, 0.9 mmol) dissolved in dimethylformamide 
(5 mL) and cooled in an ice bath was added 4-methylmorpholine 
(NMM) (0.099 mL, 0.9 mmol) via syringe. The mixture was 
stirred in the ice bath and was allowed to gradually warm to 
room temperature and stirred at room temperature for 24 
hours. The mixture was concentrated under reduced pressure 
and the residue obtained triturated with water (20 mL) and 
extracted with ethyl acetate (4 x 20 mL). The combined 
organic extracts were dried over magnesium sulfate and 
concentrated under reduced pressure to afford crude material. 
Chromatography on silica gel eluting with 10-20% methanol in 
methylene chloride afforded the title compound (48 mg, 19%). 

1 H NMR (DMSO-d 6 , 300 MHz) 8 2.50 (s, 3H), 2.55-2.92 (m, 4 H) , 

3.00-3.87 (m, 4H), 4.00-4.25 (m, 2H), 4.97 (m, 2H), 6.84 (d, 
1H), 6.90-7.45 (m, 14H), 7.50 (m, 1H) , 7.79 (m, 2H) . MS 
(FAB) m/e 827 (M+H) + , 849 (M+Na) + . 
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Example 251 

2« 5-Di-fN-Bromoacetvl-(L)-Valyl)am ino-3.4-dihydroxy- 1 . 6 - 

diphenvl hexane 

2,5-Di-{(L)-Valyl}amino-3,4-dihydroxy-1, 6 -diphenyl 
hexane ( 1.00 g, 2 mmol) was dissolved in dimethylformamide 
(75 mL) with warming and then cooled to room temperature 
under nitrogen. Triethylamine (0.59 mL) was added followed 
by bromoacetic anhydride (1.043 g) in methylene chloride (1 
mL). After 30 mintues, the solvents were removed in vacuo 
and the residue obtained triturate'd with ether and filtered. 
The solid obtained was washed with water and dried to afford 
the title compound (0.7 g, 47%). 1 H NMR (CD 3 OD, 300 MHz) 8 

0.80 (m, 12H), 2.83 (m, 4H), 3.42 (s, 2H), 3.83 (d of d, 2H), 
4.05 (m, 2H), 4.60 (m, 2H), 7.07-7.27 (m, 10H), 7.52 (d, 2H). 
MS (FAB) m/e 741 (M+H) + . 

Example 252 

2 i5-Di-fN-r(lrMethvlimidazol-2-vl)-thiomet h ylcarbonyll-fL)- 
Yalvllamino-3.4-dihvdroxy-l. 6 -dipheny l hexane 
To a solution of the resultant compound of Example 251 
(100 mg, 0.135 mmol) dissolved in dimethylformamide 
containing triethylamine (40 | 1 L) was added 2-mercapto-l- 

methyl imidazole (31 mg). The reaction mixture was stirred 
at room temperature for 30 minutes. The solvent was removed 
under reduced pressure and chased with 10 % methanol in 
methylene chloride. The residue obtained was chromatographed 
on silica gel elutng with 10 % methanol in methylene chloride 
to afford the title product (62 mg, 57%). 1 H NMR (CDCI 3 , 300 
MHz) 8 0.83 (m, 12H), 2.17 (m, 2H), 2.85 (m, 4H), 3.40-3.80 

(m, 10H), 4.20 (m, 2H), 4.47-4.85 (m, 2H), 6.82-7.37 (m, 

14H), 8.69 (bd, 2H). MS (FAB) m/e 807 (M+H) + . 
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Example 253 

Z x„5„rD i -(N- f (Imidazol- 2 -vl) -thiome t hvlcarhonvll - rn - 
Va l v l }flmino-3.4-dihvdroxv-l. 6 -dip h envl hexans 
The resultant compound of Example 251 (150 mg, 0.2 mmol) 
was reacted with 2-mercaptoimidazole (40.6 mg) by the 
procedure described in Example 252 and similarly purified to 
afford the title compound (74 mg, 47%). 1 H NMR (DMSO-d 6 , 300 
MHz) 80.63 (m, 12H), 1.84 (m, 2H), 2.25-2.80 (m, 4H), 3.05- 
3.82 (m, 12H), 4.44 (m, 2H), 7.14 (m, 14H), 7.48 (bd, 2H), 
8.07 (bd, 2H). MS (FAB) m/e 779 (M+H) + . 

Example 254 

Zx-5-Di- f N~ fN-Methv l-N- (2-Pvridvlmethvl) aminocarbonvl 1 — (id — 
Yalvl}amino-3. 4-dihydroxy -l,6-diphenyl hexane 
The resultant compound of Example 4A (199 mg, 0.66 mmol) 
and the resultant compound of Example 3F (766 mg) were 
dissolved in anhydrous dimethylformamide (3 mL) and stirred 
overnight at room temperature. The reaction mixture was 
dieted with ethyl acetate and washed with saturated sodium 
bicarbonate (3x) and water. The organic phase was dried over 
magnesium sulfate and concentrated under reduced pressure. 

The residue obtained was chromatographed on silica gel 
eluting with 5% methanol in methylene chloride to afford the 
title compound (303 mg, 58%). 1 H NMR (CDCI 3 , 300 MHz) 8 0. 68 
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Example 255 
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2 .5-D i -IN-fN-Methvl-N-(2-Pvridvlmethyl)amin o carbonyll-(L)- 
Valvl)amino-3,4-dihvdroxv-l. 6 -diphe nvl hexane 3 - 0 . 4 - 0 - 

Carbonate 

To the resultant compound of Example 254 (300 mg, 0.31 
mmol) dissolved in tetrahydrofuran (15 mL) at room 
temperature and then cooled to 0 °C was added N-methyl 
morpholine (0.125 mL) followed by triphosgene (112 mg). The 
cooling bath was removed and the reaction mixture was stirred 
for 3 hours at room temperature and then concentrated under 
reduced pressure. The residue obtained was washed with water 
and extracted with methylene chloride. The organic layer was 
dried over magnesium sulfate and concentrated under reduced 
pressure. The residue obtained was chromatographed on silica 
gel eluting with 5% methanol in methylene chloride to afford 
the title compound (247 mg, 80%). m.p. 118-119 °C. 1 H NMR 

(CDCI 3 , 300 MHz) 8 0.69 (d, 6 H) , 0.79 (d, 6 H) , 2.04 (m, 2H), 

2.74-3.04 (m, 4H), 3.00 (s, 6 H) , 3.95 (t, 2H) , 4.40 (s, 4H), 

4.58 (m, 4H), 6.56 (bd, 4H), 7.10-7.32 (m, 14H), 7.75 (d of 

t, 2H), 8.51 (m, 2H). Anal calcd for C 45 H 56 N 8 O 7 : C, 65.83; 

H, 6 . 88 ; N, 13.65. Found: C, 65.72; H, 7.44; N, 12.36. MS 
(FAB) m/e 821 (M+H) + . 


Example 256 

2.5-Di~(N-f(2-Pvridvlmethvl)oxvcarbonyll -(L)-Isoleucvllamino- 
3.4-dihvdroxv-l. 6 -diphenyl hexane 
The resultant compound of Example 4A (150 mg, 0.5 mmol) 
and the resultant compound of Example 25C (580 mg) were 
stirred in dimethylformamde (3 mL) at room temperature 
overnight. The reaction mixture was diluted with ethyl 
acetate and washed with sodium bicarbonate (3x). The organic 
layer was dried over magnesium sulfate and concentrated under 
reduced pressure to afford the title compound (278 mg, 70%). 
m.p. 220-221 °C. X H NMR (DMSO-d 6 , 300 MHz) 8 0.58 (d, 6 H), 
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(m, 2H), 1.22 

(m, 2H), 1.59 (m, 2H), 2.54- 

2.73 

(m. 

4H) , 

3.82 

(d of d, 2H), 

4.52 (m, 2H), 4.82 (bs, 2H), 

5.10 

(d 

of d, 

4H) , 

7.03-7.42 (m. 

20H), 7.84 (d of t, 2H), 

8.55 

(bd 

, 2H) 

. MS 

(FAB) m/e 797 

(M+H) + , 819 (M+Na) + . 


Example 257 

2 j-5-D i. -iM . -r (2-pv r i dv l methv l ) oxyca rbonvll-(L)-Valyllamino-3.4- 
dihvdrQxv-1. 6 -diphenvl hexane 3-0,4-0-Carbonate 
The resultant compound of Example 260 (300 mg, 0.39 
mmol) was reacted with triphosgene (116 mg) by the procedure 
described in Example 255. Purification as described in 
Example 255 gave the title product (268 mg, 86 %). m.p. 118- 
120 °C. 1 H NMR (CDCI 3 , 300 MHz) 8 0.74 (d, 6 H) , 0.84 (d, 6 H) , 

'1.98 (m, 2H), 2.67-2.98 (m 4H), 3.98 (m, 2H), 4.53 (m, 4H), 
5.23 (m, 4H), 6.80 (bd, 4H), 7.10-7.38 (m, 14H), 7.70 (d of 
t, 2H), 8.60 (d, 2H). Anal calcd for C 43 H 50 N 6 O 9 •0.5 H 2 O: C, 
64.24; H, 6.39; N, 10.45. Found: C, 63.91; H, 6.33; N, 

10.38. MS (FAB) m/e 795 ,(M+H) + . 

Example 258 

2-c.5~Di- (N- f (2-Pvridvlmethvl) oxvcarbonvll - (L) -Valvl )amino-3.4- 
dihvdroxv-1. 6 -diphenvl hexane 3-0.4-o-Thiocarbonate 
To the resultant compound of Example 260 (300 mg, 0.26 
mmol) dissolved in toluene (5 mL) was added 
thiocarbonyldiimidazole (140 mg). The reaction mixture was 
warmed at reflux for 3 hours and diluted with methylene 
chloride and washed with 10% citric acid (2x). The organic 
phase was dried over magnesium sulfate and concentrated under 
reduced pressure to afford the title compound (177 mg, 56%). 
m.p. 115-117 °C. 1 H NMR (CDCI 3 , 300 MHz) 5 0.66 (d, 6 H), 0.80 

(d, 6H), 2.00 (m, 2H), 2.94 (m, 4H), 3.84 (d of d, 2H), 4.60 
(m, 2H), 5.08 (bd, 2H), 5.20 (s, 4H), 6.23 (bd, 4H), 7.00- 
7.40 (m, 14H), 7.72 (d of t, 2H), 8.61 (bd, 2H). Anal calcd 
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for C 4 3 H 5 oN 608 S- 0.5 H 2 0: C, 62.98/ H, 6.27; N, 10.25. Found: 
C, 62.69; H, 6.13; N, 10.15. MS (FAB) m/e 811 (M+H) + . 

Example 259 

2^5-Di-(N~rN-Methvl-N-(2-Pvridylmethyl)aminocarbon yll-(L)- 
ISQleuc vl}amino-3.4-dihvdroxv-l. 6 -diphenyl hexane 
The resultant compound of Example 4A (150 mg) and the 
resultant compound of Example 16C (630 mg) were stirred in 
anhydrous dimethylformamide (3 mL) overnight at room 
temperature. The reaction mixture was diluted with ethyl 
acetate and washed with saturated sodium bicarbonate solution 
(2x) and water. The organic layer was dried over magnesium 
sulfate and concentrated under reduced pressure. The residue 
obtained was chromatographed on silica gel eluting with 4 % 
methanol in methylene chloride to afford the title compound 
(250 mg, 81%). m.p. 160-161 °C. 1 H NMR (CDCI 3 , 300 MHz) 5 

0.78 (m, 12H), 0.84-1.13 (m, 4H), 1.87 (m, 2H), 2.87 (m, 4H), 
2.97 (s, 6 H) , 3.58 (s, 2H), 4.02 (d of d, 2H), 4.27 (m, 4H), 
4.45 (s, 4H), 6.35 (bs, 2H), 6.45 (bd, 2H) , 7.07-7.30 (m, 

14H), 7.74 (d of t, 2H), 8.03 (m, 2H). Anal calcd for 
C 46 H 62 N 806 : C, 67.13; H, 7.59; N, 13.62. Found: C, 67.06; 

H, 7.54; N, 13.55. MS (DCI/NH 3 ) m/e 823 (M+H) + . 

Example 260 

2.5-Di-fN-f(2-Pvridylmethyl)oxycarb onyll-(L)-valinyllamino- 
3.4-dihvdroxv-l. 6 -dipheny l hexane 
The resultant compound of Example 4A (2.5 g, 8.3 mmol) 
was reacted with the resultant compound of Example 2D (9.00 
g) by the procedure described in Example 254. 

Crystallization from methylene chloride and ethyl acetate 
afforded the title compound (2.88 g, 45%). m.p. 221 °C. 1 H 
NMR (DMSO-d 6 , 300 MHz) 5 0.64 (d, 6 H), 0.70 (d, 6 H), 1.82 

(m, 2H), 2.56-2.83 (m, 4H), 3.78 (m, 2H), 4.50 (m, 2H), 4.85 
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(bs, 2H), 5.10 (s, 4H), 7.05-7.42 (m, 20H), 7.84 (d of t, 

2H), 8.54 (bd, 2H) . Anal calcd for C 42 H 52 N 6 O 8 : C, 65.61; H, 
6.82; N, 10.93. Found: C, 65.60; H, 6.85; N, 10.94. MS 
(FAB) m/e 769 (M+H) + . 


Example 261 

„(2Si 3R. 4R) -2. 5-Di- (Boc-amino) - 1 .6-diphenyl-3-hy d roxy-hexane 
To a solution of the resultant compound of Example IE 
(1.00 g, 4.1 mmol) dissolved in methylene chloride (40 mL) 
was added di-t-butyldicarbonate (1.98 g, 2.2 equiv). The 
reaction mixture was stirred at room temperature for 1 hour 
and then concentrated in vacuo at 40 °C. The residue 
obtained was chromatographed on silica gel eluting with 1:3 
going to 1:2 ethyl acetate/hexane to afford the title 
compound (1.315 g, 72%). 1 H NMR (CDCI 3 , 300 MHz) 8 1.39 (s, 

18H), 1.62 (m, 2H), 2.74 (d, 2H), 2.85 (t, 2H), 3.64 (m, 2H), 
3.86 (d of d, 1H), 4.55 (bs, 1H), 4.80 (bd, 1H), 7.07-7.32 
(m,- 10H) . Anal calcd for C 28 H 40 N 2 O 5 : C, 69.39; H, 8.32; N, 
5.78. Found: C, 69.21; H, 8.38; N, 5.73. MS (DCI/NH 3 ) m/e 
485 (M+H) + , 502 (M+H+NH 3 ) + . 

Example 262 

1 2S. 3R.4R)- 1 .6-Diphenvl-2.5-di-(phenyloxycarb onyl)-3-hydroxy- 

hexane 

To a solution of the resultant compound of Example IE 
(100 mg, 0.35 mmol) and anhydrous triethylamine (0.12 mL, 2.5 
equiv) dissolved in anhydrous methylene chloride (4 mL) and 
cooled under nitrogen to -40 °C was added phenyl 
chloroformate (0.09 mL, 2 equiv). After stirring at -40 °C 
for 1 hour, the reaction mixture was diluted with methylene 
chloride (50 mL) and washed with saturated sodium bicarbonate 
(20 mL) and saturated sodium chloride (20 mL). The organic 
phase was dried over magnesium sulfate and concentrated under 
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reduced pressure. The residue obtained was chromatographed 
on silica gel eluting with 1:4 going to 1:2 going to 1:1 
ethyl acetate/he^ane to afford the title compound (64 mg, 
35%). 1 H NMR (CDCI 3 , 300 MHz) 8 1.80 (m, 2H), 2.86 (d, 2H), 

2.94 (d of d, 2H), 3.02 (bd, 1H), 3.76 (bs, 1H), 3.86 (d of 
d, 1H), 4.03 (d of d, 1H), 5.13 (bd, 1H), 5.35 (bd, 1H), 
7.00-7.40 (m, 20H). MS (DCI/NH 3 ) m/e 525 (M+H) + , 542 
(M+H+NH 3 ) + . 


Example 263 

(2S> 3Rt4R)-2. 5-Di- (isonropvloxycarbon y lamino)-1.6-diphenyl-3- 

hvdroxv-hexane 

The resultant compound of Example IE (100 mg, 0.35 mmol) 
was reacted with 1 M isopropyl chloroformate in toluene (0.70 
mL, 2.0 equiv) by the procedure described in Example 262. 
Column chromatography on silica gel eluting with 1:2 going to 
1:1 ethyl acetate/hexane afforded the title compound (92 mg, 
57%). ' 1 H NMR (CDCI 3 , 300 MHz) 5 1.17 (m, 12H), 1.63 (m, 2H), 

2.75 (d, 2H), 2.86 (m, 2H), 3.31 (bs, 1H), 3.69 (m, 2H), 3.90 
(m, 1H), 4.63 (m, 1H), 4.89 (m, 3H), 7.04-7.42 (m, 10H) . 

Anal calcd for C 26 H 36 N 2 O 5 : C, 68.40; H, 7.95; N, 6.14. 

Found: C, 68.10; H, 7.99; N, 6.14. MS (DCI/NH 3 ) m/e 457 
(M+H) + , 474 (M+H+NH 3 ) + • 


Example 264 

( 2 S. 3R..4R) -2,5-Di- (3.3-dimethylacryl o ylamino) -1, 6-diphenyl-3- 

hvdroxv-hexane 

The resultant compound of Example IE (150 mg, 0.53 mmol) 
was reacted with 3,3-dimethylacryloyl chloride (0.12 mL, 2.0 
equiv) by the procedure described in Example 262 except that 
pyridine (0.26 mL, 6 equiv) was used instead of 
triethylamine. Column chromatography on silica gel eluting 
with 1:2 going to 1:1 ethyl acetate/hexane afforded the title 


% ’V 
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compound (182 mg, 77%). 1 H NMR (CDCI 3 , 300 MHz) 8 1.65 (m, 

3H), 1.82 (m, 6 H), 2.10 (m, 6 H), 2.87 (m, 2H), 2.90 (m, 2H), 

3.62 (m, 1H), 3.96 (m, 1H), 4.10 (m, 1H), 4.62 (bs, 1H), 5.43 

(m, 1H), 5.50 (m, 1H), 5.53 (bd, 1H) , 5.72 (bd, 1H), 7.05- 

7.30 (m, 10H). Anal calcd for C 28 H 36 N 2 O 3 : C, 74.97; H, 8.09; 
N, 6.24. Found: C, 74.25; H, 8.43; N, 6.12. MS (DCI/NH 3 ) 
m/e 449 (M+H) + , 466 (M+H+NH 3 ) + . 

Example 265 

(2S,3R,4R)-2,5- D i -( i sova l erv lamlno)-1.6-diphenvl-3-hvdroxY- 

hexane 

The resultant compound of Example IE (150 mg, 0.53 mmol) 
was reacted with isovaleryl chloride (0.13 mL, 2.0 equiv) by 
the pyridine procedure described in Example 264. Column 
chromatography eluting with 1:2 going to 1:1 going to 2:1 
ethyl acetate/hexane afforded the title compound (38 mg, 

16%). 1 H NMR (CDCI 3 ,' 300 MHz) 8 0.84 (m, 12H) , 1.65 (m, 3H) , 

1.97 (m, 6 H), 2.78 (m, 2H), 2.89 (d, 2H), 3.63 (bs, 1H), 3.99 
(m, 1H), 4.10 (m, 1H), 4.52 (bs, 1H) , 5.60 (d, 1H), 5.80 (d, 
1H), 7.07-7.30 (m, 10H). MS (DCI/NH 3 ) m/e 453 (M+H) + , 470 
(M+H+NH 3 ) + . 


Example 266 

( 2 S.3R.4R)-2.5-Di-(isobutvloxvcarbonvlami no)-1.6-diphenvl-3- 

hvdroxv-hexane 

The resultant compound of Example IE (100 mg, 0.35 mmol) 
was reacted with isobutylchloroformate (0.09 mL, 2.0 equiv) 
by the procedure described in Example 262. Column 
chromatography on silica gel eluting with 1:2 ethyl 
acetate/hexane afforded the title compound (114 mg, 69%) . 1 H 
NMR (CDCI 3 , 300 MHz) 8 0.89 (m, 12H), 1.65 (m, 2H), 1.86 (m, 

2H), 2.77 (bd, 2H), 2.87 (m, 2H), 3.30 (bs, 1H), 3.60-3.97 
(m, 7H), 4.70 (m, 1H), 4.97 (bd, 1H) , 7.07-7.32 (m, 10H) . 
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Ana 1 calcd for C 28 H 40 N 2 O 5 : C, 69.39; H, 8.32; N, 5.78. 

Found: C, 69.20; H, 8.32; N, 5.75. MS (DCI/NH 3 ) m/e 485 
(M+H) + , 502 (M+H+NH 3 ) + . 

Example 267 

- £ 2 S, 3Si 4R) ~ 1 « 6-DiPhenvl-3-hvdroxv-2.5-di- (Boc - amino) -hexane 

A-— L.-.6-Diphenvl-3-oxo-2.5-di- (Boc-amin o ) -hexane 
To a solution of oxalyl choride (0.09 mL, 1.03 mmol) 
dissolved in anhydrous methylene chloride (3 mL) and cooled 
to -78 °C was added dimethyl sulfoxide (0.147 mL, 2.07 mmol) 
dropwise. The reaction mixture was stirred at -78 °C for 10 
minutes and then a solution of the resultant compound of 
Example 261 (250 mg, 0.52 mmol) dissolved in anhydrous 
methylene chloride (5 mL) was added dropwise. After stirring 
at -78 °C for 1 hour, anhydrous triethylamine (0.57 mL, 4.12 
mmol) was added, the cooling bath was removed, and the 
reaction mixture was stirred for 15 minutes. The reaction 
mixture was diluted with methylene chloride (50 mL) and 
washed with saturated sodium bicarbonate (20 mL) and 
saturated sodium chloride (20 mL), dried over magnesium 
sulfate, and concentrated in vacuo. The residue obtained was 
chromatographed on silica gel eluting with 1:6 going to 1:4 
ethyl acetate/hexane to afford the title compound (235 mg, 
94%). MS (DCI/NH 3 ) m/e 483 (M+H) + , 500 (M+H+NH 3 ) + . 

— ( 2 S, 3S, 4R) - 1 .6-Diphenv l -3-hv droxv-2.5-di- (Boc-amino) - 

hexane 

To the resultant compound of Example 267A (20 mg, 0.04 
mmol) dissolved in methanol (0.4 mL) and methylene chloride 
(0.3 mL) and cooled to -78 °C was added sodium borohydride 
(1.6 mg, 1.0 equiv). The reaction mixture was allowed to 
slowly warm to -20 °C and maintained at that temperature for 
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18 hours. The reaction mixture was diluted with methylene 
chloride (10 mL) and washed with saturated sodium chloride 
solution (3 mL), dried over magnesium sulfate, and 
concentrated in vacuo. The residue obtained was 
chromatographed on silica gel eluting with 1:4 going to 1:2 
ethyl acetate/hexane to afford the title compound (14.7 mg, 
73%). 1 H NMR (CDCI 3 , 300 MHz) 8 1.35 (s, 9H), 1.40 (s, 9H), 

1.42-1.73 (m, 3H), 2.80 (m, 2H), 2.87 (bd, 2H), 3.56 (bs, 

1H), 3.84 (bs, 1H), 4.15 (m, 1H), 4.46 (m, 1H), 4.59 (m, 1H), 
7.12-7.32 (m, 10H). MS (DCI/NH 3 ) m/e 485 (M+H) + . 

Example 268 

1^.5-Dichloro-2.3.4-triformyl arabitol 
To a solution of anhydrous dimethylformamide (146 mL, 

1.9 mol) in anhydrous methylene chloride (1450 mL) at 0 °C 
was added dropwise oxalyl chloride (126 mL, 1.5 mol). The 
reaction mixture was stirred at 0 °C under nitrogen for 1 
hour and then a solution of arabitol (22 g, 0.14 mmol) 
dissolved in dimethylformamide (350 mL) was added at such a 
rate that the temperature remained below 5 °C. After the 
addition was complete, the bath was removed and the reaction 
mixture was stirred at room temperature under nitrogen for 1 
hour and then at reflux for 7 hours. The reaction mixture 
was diluted with ethyl acetate (2 L) and washed with cold 
water (2 L). The aqueous layer was back-extracted with ethyl 
acetate (1 L). The combined organic extracts were washed 
with saturated sodium chloride (1 L), dried over magnesium 
sulfate and concentrated under reduced pressure to afford 
crude material (58.2 g). Chromatography on silica gel 
eluting with a gradient of 2:8 to 8:2 methylene 
chloride/hexane gave the title compound (21.7 g, 55%). 1 H 
NMR (CDCI 3 , 300 MHz) 8 3.61 (d, 2H), 3.66 (d of d, 2H), 3.81 

(d of d, 1H) , 5.35 (m, 1H), 5.50 (m, 1H), 5.71 (m, 1H), 8.08 


* • 
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(s, 1H) , 8.10 (s, 1H) , 8.19 (s, 1H). Anal calcd for 
C 8 Hi 0 Cl 2 O 6 : C, 35.19; H, 3.69. Found: C, 35.30; H, 3.75. 

MS (DCI/NH 3 ) m/e 290 (M+H+NH 3 ) + . High Resolution Mass Spec 
calcd for C 8 H 10 CI 2 O 6 : 272.9933. Found: 272.9930. IR (CDCI 3 ) 
1150, 1720 cm-i. [a] D = +31.1° (c = 1.12, CHCI 3 , 22 °C). 

Example 269 

1^2: 4 . 5-Bis-epoxy-3-hydr oxy-pentane 
To the resultant compound of Example 268 (1.00 g, 3.7 
mmol) dissolved in anhydrous tetrahydrofuran (20 mL) and 
cooled to 0 °C under nitrogen was added sodium methoxide 
(1.00 g, 6 equiv). The reaction mixture was stirred at 0 °C 
under nitrogen for 30 minutes and then diluted with ether (40 
mL) and filtered through Celite. The filtrate was 
concentrated in vacuo to afford crude material (278 mg). 
Chromatography on silica gel eluting with 1:1 ethyl 
acetate/hexane afforded the title compound (102 mg, 24%). 1 H 
NMR (CDCI 3 , 300 MHz) 52.04 (d, 1H), 2.79-2.89 (m, 4H), 3.11- 
3.20 (m, 2H), 3.60 (d of d, 1H). MS (DCI/NH 3 ) m/e 134 
(M+H+NH 3 ) + . IR (CDCI 3 ) 3540, 3060, 3000, 2925 cm-l. [a] D = 

-4.3° (c = 1.07, CHCI 3 , 22 °C) . 

Example 270 

1,2:4,5-Bis-epoxv-3-m ethanesulfonyloxv-pentane 
To the resultant compound of Example 269 (4.2456 g, 36.6 
mmol) dissolved in anhydrous tetrahydrofuran (200 mL) and 
cooled to -20 °C under nitrogen was added sodium hydride (878 
mg, 1.0 equiv). The reaction mixture was stirred at 0 °C for 
30 minutes and then cooled to -20 °C and treated with 
anhydrous triethylamine (9.2 mL, 1.9 equiv) and 
methanesulfonyl chloride (4.3 mL, 1.5 equiv). After stirring 
at -20 °C under nitrogen for 30 minutes, the reaction was 
diluted with chloroform (400 mL) and washed with pH 6 
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phosphate buffer (80 mL). The aqueous wash was back- 
extracted with chloroform (100 mL). The combined organic 
extracts were dried over magnesium sulfate and concentrated 
in vacuo to give crude material (9.8 g). Chromatography on 
silica gel eluting with 8:2 methylene chloride/hexane going 
to 9/1 methylene chloride/ethyl acetate gave the title 
compound (6.23 g, 88 %). 1 H NMR (CDCI 3 , 300 MHz) 8 2.80-2.85 

(m, 2H), 2.92 (d of d, 1H)., 2.98 (d of d, 1H) , 3.14 (s, 3H) , 
3.24-3.33 (m, 2H) , 4.13 (d of d, 1H) . Anal calcd for 
C 6 H 10 O 5 S: C, 37.11; H, 5.19. Found: C, 36.52; H, 5.12. MS 

(DCI/NH 3 ) m/e 212 (M+H+NH 3 ) + . IR (CDCI 3 ) 1365, 1175, 955 
cm-l. [a] D = +3.9° (c = 1.44, CHCI 3 , 22 °C). 

Example 271 

1 .5-Di chloro-2.3.4-trihydroxy pentane 
The resultant compound of Example 268 (250 mg, 0.92 
mmol) was dissolved in methanol (5 mL), stirred at 50 °C for 
1 hour, and then concentrated in vacuo to give crude material 
(192 mg). Chromatography on silica gel eluting with 1:1 
ethyl acetate/hexane afforded the title compound (172 mg, 
99%). X H NMR (D20, 300MHz) 63.67-3.71 (m, 2H), 3.76-3.79 

(m, 1H), 3.86-3.89 (m, 2H), 3.96-4.02 (m, 1H), 4.06-4.11 (m, 
1H). 13 C NMR (D 2 O, 300 MHz) PPM 48.278, 50.574, 72.434, 

72.741, 72.951. Anal calcd for C 5 H 10 CI 2 O 3 : C, 31.77; H, 

5.33. Found: C, 31.67; H, 5.29. MS (DCI/NH 3 ) m/e 206 
(M+H+NH 3 ) + • [a] D = -3.2° (c = 1.21, H 2 0, 22 °C) . 

Example 272 

-L2.S, 3R, 5S) -1.6-Diphenyl-2.5-di TN- (furan-2- 
vlmethvloxvcarbonvl)aminol-3-hvdroxv hexane 


ZL,_ (Furan-2-yl) (4-nitrophenyl)carbonate 
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To a solution of 2-furanmethanol (413 mg, 0.261 mmol) 
and N-methylmorpholine (468 p.L, 4.261 mmol) dissolved in 

methylene chloride (3 mL) and cooled in an ice bath was added 
a solution of 4-nitrophenylchloroformate ( 859 mg, 4.261 
mmol) dissolved in methylene chloride (3 mL). The mixture 
was stirred at 0 °C for 3.5 hours and then worked up to give 
a residue which was chromatographed on silica gel eluting 
with 10% ethyl acetate in hexane followed by 10% ethyl 
acetate in methylene chloride to afford the title compound 
(113 mg) after cyrstallization from ethyl acetate and hexane. 

B.(2S.3R.5S)-!.6-Diphenvl-2.5-d iTN-(furan-2- 
.Ylmethvloxvcarbonvl) aminol -3- h vdroxv hexane 
To the compound resulting from Example IE (75 mg, 0.264 
mmol) dissolved in dimethylformamide (0.6 mL) was added the 
compound resulting from Example 272A (208 mg, 0.79 mmol). 

The mixture was stirred at room temperature overnight and 
then the solvent removed under reduced pressure. The crude 
product was chromatograhed on silica gel eluting with 5-10% 
ethyl acetate in methylene chloride to afford the title 
compound. 1 H NMR (DMS0-d6, 300 MHz) 5 1.4 6 (m, 2H), 2.53-2.79 

(m, 5H), 3.57 (m, 1H), 3.89 (m, 3H), 4.64 (d, 1H), 4.79-4.95 

(m, 5H), 6.41 (m, 4H), 6.89 (d, 1H), 7.08-7.29 (m, 13H), 7.63 

(m, 2H). Anal calcd for C 30 H 32 N 2 O 7 : C, 67.67/ H, 6.01; N, 
5.26. Found: C, 67.25; H, 5.94; N, 5.22. MS (DCI/NH 3 ) m/e 
533 (M+H) + , 550 (M+H+NH3) + . 

Example 273 

(2S, 3R.5S)-1,6-Diphenyl-2.5-diTN-( furan-3- 
vlmethvloxvcarbonvl)aminol-3-hydroxv hexane 
(Furan-3-yl)(4-nitrophenyl)carbonate was prepared in 
analogy to Example 272A starting from 3-furanmethanol instead 
of 2-furanmethanol. The compound resulting from Example IE 
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(70 mg, 0.249 mmol) was reacted with the above carbonate (144 
mg, 0.548 mmol) by the procedure described in Example 272B to 
afford crude material. Column chromatography on silica gel 
eluting with a gradient (5%, 10%, 50%) of ethyl acetate in 
methylene chloride afforded the title compound. NMR 

(DMSO-d 6 , 300 MHz) 5 1.48 (m, 2H) , 2.52-2.78 (m, 5H), 3.56 (m, 

1H), 3.88 (m, 2H), 4.64 (d, 1H), 4.78 (d, 4H), 6.37 (s, 2H), 
6.78 (d, 1H), 7.03 (d, 1H), 7.10-7.28 (m, 10H), 7.60 (m, 3H). 
Anal calcd for C 30 H 32 N 2 O 7 : C, 67.67; H, 6.01; N, 5.26. 

Found: C, 67.31; H, 5.99, N, 5.21. MS (DCI/NH 3 ) m/e 533 
(M+H) + , 550 (M+H+NH 3 ) + • 

Example 274 

(2S> 3R. 5S) -1. 6-Diphenvl-_2.5-di TN- (5-br omopyridin-3- 
vlmethvloxvcarbonvl') aminol -3- hvdroxv hexans 

K. —(5-Bromo-Pvridin-3-vlmethyl) (4 -nitrophenyl)carbonate 
5-Bromo-nicotinic acid (5,00 g, 24.7 mmol) was dissolved 
in methanol (50 mL) and saturated with hydrochloric acid gas. 
The reaction mixture was allowed to stand for 2.5 days and 
then filtered. The filtrate was concentrated under reduced 
pressure and methylene chloride, was added. The solution was 
washed with saturated sodium bicarbonate solution. The 
aqueous wash was back-extracted with methylene chloride ( 2 x). 
The combined organic extracts were dried over magnesium 
sulfate and concentrated in vacuo to afford 5 -bromo-nicotinic 
acid methyl ester (4.72 g) . 

To the above methyl ester (4.536 g, 21 mmol) dissolved 
in tetrahydrofuran (15 mL) and cooled in a dry ice/acetone 
bath was added lAf lithium aluminum hydride (21 mL, 21 mmol) 
diluted with tetrahydrofuran (10 mL). The reaction mixture 
was stirred for 40 minutes and then water (0.80 mL) followed 
by 15% sodium hydroxide (0.80 mL) and water (2.4 mL) were 
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added. The mixture was stirred for 1 hour and filtered. The 
filtrate was dried over magnesium sulfate and concentrated 
under reduced pressure. The crude product was 
chromatographed on silica gel eluting with 2 % methanol in 
methylene chloride to afford 5-bromo-3-pyridinemethanol 
(2.472 g). 

The above compound (817 mg, 4.346 mmol) was reacted with 
4-nitrophenylchloroformate (1.051 g, 5.21 mmol) by the 
procedure described in Example 272A to give the title 
compound (847 mg, 55%). 

E-.— (2S> 3Rt 5S) -1. 6-Diphenvl-2. 5-di fN- ( 5 -bromopvridin-3- 
vl methvloxvcarbonvl)amino 1 -3-hydroxv hexane 

The compound resulting from Example IE (65 mg, 0.229 
mmol) was reacted with the compound resulting from Example 
274A (242 mg, 0.687 mmol) by the procedure described in 
Example 272B to give the title compound (114 mg, 70%). 1 H 
NMR (DMSO-d 6 , 300 MHz) 8 1.50 (m, 2H) , 2.53-2.74 (m, 5H), 3.56 

(m, 1H), 3.76 (m, 2H), 4.72 (d, 1H), 4.98 (d, 4H), 6.99-7.25 
(m, 12H), 7.92 (m, 2H), 8.49 (m, 2H), 8.64 (dd, 2H). Anal 
calcd for C32H32Br2N 4 0 5 : C, 53.93; H, 4.4 9; N, 7.86. Found: 

C, 54.46; H, 4.63; N, 7.93. MS (DCI/NH 3 ) m/e 711 (M+H) + . 

Example 275 

(2St3R.5S)-l.6-Diphenvl-2.5-difN-(5-methylpy r idin-3- 
vlmethvloxycarbonyl)amino)-3-hydroxy hexane 

5-Methylpyridine-3-methanol was prepared in analogy to 
the procedure described in Example 274A. It was reacted with 
4-nitrophenylchloroformate by the procedure described in 
Example 272A to give (5-methylpyridin-3-yl)(4- 
nitrophenyl)carbonate (474 mg). 

The compound resulting from Example IE (36.1 mg, 0.127 
mmol) was reacted with the above carbonate (110 mg, 0.38 
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mmol) by the procedure described in Example 272B to give 
crude material. Column chromatography on silica gel eluting 
with a gradient ( 2 %,5%) methanol in methylene chloride 
afforded the title compound (64 mg). 1 H NMR (DMS0-d6, 300 
MHz) 5 1.48 <m, 2H), 2.25 (d, 6 H), 2.52-2.73 (m, 5H) , 3.55 

(m, 1H), 3.88 (m, 2H) , 4.68 (d, 1H), 4.93 (d, 4H) , 6.92 (d, 
1H), 7.08-7.26 (m, 12H) , 7.46 (s, 2H) , 8.32 (m, 3H) . Anal 
calcd for C 34 H 38 N 4 O 5 : C, 70.10; H, 6.53; N, 9.62. Found: C, 
70.29; H, 6.62; N, 9.60. MS (DCI/NH 3 ) m/e 583 (M+H) + . 

Example 276 

(2S> 3R. 5S) -1.6-Diphenvl-2.5-difN-(N-Boc-6-amino-pyridin-3- 
vlmethvloxvcarbonvl)amino1-3- hvdroxv hexane 
6 -Amino-nicotinic acid (5.00 g, 36.2 mmol) was 
esterified by the procedure described in Example 274A to give 
the methyl ester. To the methyl ester (2.013 g, 9.32 mmol) 
dissolved in acetonitrile (80 mL) was added di-t-butyl- 
dicarbonate (2.235 g, 10.25 mmol) followed by dimethylamino- 
pyridine (122 mg, 1.0 mmol). The reaction mixture was 
stirred at room temperature for 4 hours and then additional 
di-t-butyl-dicarbonate (450 mg) was added. The reaction 
mixture was stirred an additional hour at room temperature 
and then stored in the refrigerator overnight. The solvent 
was removed under reduced pressure and the crude material 
chromatographed on silica gel eluting with a gradient 
(5%,10%) of ethyl acetate in methylene chloride to afford the 
N-Boc- 6 -amino-nicotinic acid methyl ester (1.85 g, 79%). 

The methyl ester (1.85 g, 7.34 mmol) was reduced with 
lithium aluminum hydride by the procedure described in 
Example 274A to give, after chromatography on silica gel 
eluting with a gradient ( 2 %,5%) of methanol in methylene 
chloride, N-Boc-6-amino-pyridine-3-methanol (1.064 g). This 
compound (311 mg, 1.388 mmol) was reacted with 4- 
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nitrophenylchloroformate (308 mg, 1.53 mmol) by the procedure 
described in Example 272A to give (N—Boc—6—amino—pyridin—3— 
ylmethyl) (4-nitr’ophenyl) carbonate (388 mg) . 

The compound resulting from Example IE (87 mg, 0.301 
mmol) was reacted with the above carbonate (340 mg, 0.904 
mmol) by the procedure described in Example 272B to give 
crude material. Chromatography on silica gel eluting with a 
gradient (2%,5%) of methanol in methylene chloride afforded 
the title compound (133 mg). 1 H NMR (DMSO-d6, 300 MHz) 8 1.47 

(s, 20H), 2.53-2.75 (m, 5H), 3.55 (m, 1H) , 3.87 (m, 2H), 4.65 
(d, 1H), 4.89 (d, 4H), 6.87 (d, 1H), 7.07-7.27 (m, 11H), 7.59 
(dd, 2H), 7.75 (dd, 2H), 8.18 (m, 2H) , 9.80 (d, 2H) . Anal 
calcd for C 42 H 52 N 6 O 9 •0.33 H 2 0: C, 63.80; H, 6.71; N, 10.63. 
Found: C, 63.94; H, 6.67; N, 10.57.MS (FAB) M/E 785 (M + 1) 

Example 277 

12S.3R,5S)-1.6-Diphenyl -2-fN-(furan-3- 
^lmethvloxvcarbonyl)a mino1-5-TN-(pvridin-3- 
Y.lmethvloxvcarbonvl) aminol -3-hy droxv hexane 
3-Pyridinemethanol was reacted with 4-nitrophenylchloro- 
formate by the procedure described in Example 272A to give 
the (3-pyridylmethyl)(4-nitrophenyl)carbonate. . This compound 
was reacted with the compound resulting from Example IE by 
the procedure described in Example 272B to give a mixture of 
2- and 5- substituted compounds which were separable by 
column chromatography. The (2S,3R,5S)-l,6-diphenyl-5-[N- 
(pyridin-3-ylmethyloxycarbonyl)amino]-3-hydroxy hexane 
compound (55 mg, 0.131 mmol) was reacted with (furan-3-yl) (4- 
nitrophenyl)carbonate, prepared as described in Example 273, 
by the procedure described in Example 272B to give, after 
chromatography on silica gel eluting with a gradient (2%,5%) 
of methanol in methylene chloride, the title compound (63.1 
mg). ^ NMR (DMSO-d 6 , 300 MHz) 5 1.50 (m, 2H), 2.54-2.75 (m, 
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5H), 3.56 (m, 1H) , 3.88 (m, 2H) , 4.66 (d, 1H) , 4.68-4.92 (m, 
1H), 4.79 (s, 2H), 4.97 (s, 2H) , 6.37 (m, 1H), 6.79 (d, 1H), 
6.90-7.38 (m, 12H), 7.25 (dd, 1H) , 7.6 (m, 3H), 8.50 (m, 2H). 
Anal calcd for C 31 H 33 N 3 O 6 •0.33 H 2 0: C, 67.78; H, 6.19; N, 
7.65. Found: C, 67.97; H, 6.15; N, 7.69. MS (DCI/NH 3 ) m/e 
544 (M+H) + . 

Example 278 

12S. 3R.5S)-1.6-Diphenyl- 5-fN-(furan-3- 
^lmethvloxvcarbonvl)aminol-2 -fN-(pyridin-3- 
^lmethvloxvcarbonvl)amino)-3- hvdroxv hexane 
The other regio-isomer described in Example 277, 

(2S,3R,5S)-1,6-diphenyl-2-[N-(pyridin-3- 

ylmethyloxycarbonyl)amino]-3-hydroxy hexane, (31.7 mg, 0.0756 
mmol) was reacted with (furan-3-yl)(4-nitrophenyl)carbonate 
(24 mg, 0.091 mmol), prepared as described in Example 273, by 
the procedure described in Example 272B to give, after column 
chromatography on silica gel eluting with a gradient (2%,5%) 
methanol in methylene chloride, the title compound (22.7 mg). 
1 H NMR (DMSO-d6, 300 MHz) 8 1.48 (m, 2H) , 2.53-2.76 (m, 5H), 

3.57 (m, 1H), 3.87 (m, 2H), 4.68 (d, 1H), 4.77 (s, 2H), 4.99 
(s, 2H), 6.37 (s, 1H), 6.95 (d, 1H), 7.03 (d, 1H), 7.08-7.27 
(m, 10H), 7.33 (dd, 1H), 7.60 (m, 3H), 8.50 (m, 2H). MS 
(DCI/NH 3 ) m/e 544 (M+H) + . 


Example 279 

12S, 3R,5S)-1.6-Diphenvl-2.5-fN-(thio phene-3- 
ylmethvloxvcarbonvl)aminol-3-hydroxy hexane 
3-Thiophenemethanol (285 mg, 2.5 mmol) was reacted with 
4-nitrophenylchloroformate (554 mg, 2.75 mmol) by the 
procedure described in Example 272A to give (thiophen-3- 
ylmethyl)(4-nitrophenyl)carbonate (598 mg). This compound 
(170 mg, 0.61 mmol) was reacted with the compound resulting 
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from Example IE (57.8 mg, 0.203 mmol) by the procedure 
described in Example 272B to give, after column 
chromatography on silica gel eluting with a gradient 
(5%,10%,20%) of ethyl acetate in methylene chloride, the 
title compound. 1 H NMR (DMSO-d 6 , 300 MHz) 5 1.50 (m, 2H), 

2.54-2.78 (m, 5H), 3.58 (m, 1H), 3.90 (m, 3H), 4.67 (d, 1H), 
4.85 (m, 1H), 4.91 (m, 4H), 6.84 (d, 1H) , 6.95-7.33 (m, 16H), 
7.49 (m, 2H). Anal calcd for C 30 H 32 N 2 O 5 S 2 : C, 63.83; H, 

5.67; N, 4.96. Found: C, 63.74; H, 5.76; N, 4.97. MS 
(DCI/NH 3 ) m/e 565 (M+H) + , 582 (M+H+NH 3 ) + . 

Example 280 

(2S. 3R,5S)-1.6-Diphenvl-2.5-TN-(thiophene-3- 
yl methvloxvcarbonvl)aminol-3-hydroxy hexane 
This compound was prepared in analogy to ExamplEe 279 
starting from 2 -thiophenemethanol instead of 3 -thiophene- 
methanol. The crude product was chromatographed on silica 
gel eluting with a gradient (5%,10%) ethyl acetate in 
methylene chloride to give the title compound. NMR (DMSO- 

d 6 , 300 MHz) 8 1.48 (m, 2H), 2.53-2.77 (m, 4H) , 3.56 (m, 1H), 

3.90 (m, 2H), 4.63 (d, 1H), 5.00-5.17 (m, 5H), 6.86 (d, 1H), 
6.94-7.28 (m, 16H), 7.50 (m, 2H). Anal calcd for 
C 30 H 32 N 2 O 5 S 2 : C, 63.83; H, 5.67; N, 4.96. Found: C, 63.80; 

H, 5.74; N, 4.89. MS (DCI/NH 3 ) m/e 565 (M+H) + , 582 

(M+H+NH 3 ) + . 


Example 281 

(2S.3R.5SL-1.6-Diphenvl-2.5-fN-(2-meth yl-pyridin-3- 
vlmethvloxvcarbonvl)aminol-3-hvdroxy hexane 
Methyl 2-methylnicotinate (2.00 g, 12.1 mmol) was 
reduced to 2-methyl-3-pyridinemethanol using lithium aluminum 
hydride by the procedure described in Example 274A. This 
compound was converted to (2-methyl-pyridin-3-ylmethyl) (4- 
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nitrophenyl)carbonate by the procedure also described in 
Example 274A. This carbonate (170 mg, 0.59 mmol) was reacted 
with the compound resulting from Example IE (56 mg, 0.0197 
mmol) by the procedure described in Example 272B to give, 
after column chromatography on silica gel eluting with a 
gradient ( 2 %,5%) of methanol in methylene chloride, the title 
compound (63.6 mg). X H NMR (DMSO-d 6 , 300 MHz) 8 1.51 (m, 2H), 

2.40 (s, 6 H), 2.54-2.75 (m, 5H), 3.60 (m, 1H), 3.88 (m, 2H), 

4.72 (d, 1H), 4.95 (m, 4H), 7.00 (d, 1H), 7.03-7.28 (m, 16H), 

7.47 (m, 2H), 8.35 (m, 2H). Anal calcd for C 34 H 38 N 4 O 5 •0.5 

H 2 0: C, 69.04; H, 6.60; N, 9.48. Found: C, 68.98; H, 6.48; 

N, 9.39. MS (DCI/NH 3 ) m/e 583 <M+H) + . 

Example 282 

(2S.3R.5S) -1, 6-Diphenvl-2. 5-(N-(te trahydrofuran-3- 
vlmethvloxvcarbonvl)amino)-3- hvdroxy hexane 
3-Tetrahydrofuranmethanol (265 mg, 2.59 mmol) was 
reacted with 4-nitrophenylchloroformate (575 mg, 2.85 mmol) 
by the procedure described in Example 272A to give 
(tetrahydrofuran-3-ylmethyl)(4-nitrophenyl)carbonate (585 
mg). This compound (155 mg, 0.581 mmol) was reacted with the 
compound resulting from Example IE (55 mg, 0.194 mmol) to 
give, after column chromatography on silica gel eluting with 
a gradient ( 2 %,5%) of methanol in methylene chloride, the 
tite compound ( 68.8 mg). 1 H NMR (DMSO-d 6 , 300 MHz) 8 1.48 (m, 

2H), 1.85 (m, 2H), 2.35 (m, 2H), 2.54-2.77 (m, 5H), 3.52-3.88 
(m, 16H), 4.64 (m, 2H), 6.70 (d, 1H), 6.98 (d, 1H), 7.10-7.28 
(m, 10H). Anal calcd for C 30 H 40 N 2 O 7 -H 2 0: C, 64.52; H, 7.53; 

N, 5.02. Found: C, 64.87; H, 7.22; N, 5.00. MS (DCI/NH 3 ) 
m/e 541 (M+H) + , 558 (M+H+NH 3 ) + . 
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Example 283 

I 2 R> 3Sr 4R)-5-CvclQhexvl-2. 4-bis-(N- (N- ( (ben z yloxycarbonyl)- 
^alinvl)-amino)-3-hvdroxY-l -phenylpentane. 

-(4S.5R)-N-Bqc- 5-(Cvclohexvlmethyl)-4-hyd roxv-2- 

pyrrolldinone. 

To a solution of N-Boc-cyclohexylalanine (8.76 g, 32.3 
mmole), Meldrum's acid (4.89 g, 33.9 mmole) and DMAP (9.07 g, 
74.2 mmole) in anhydrous dichloromethane (160 mL) at ca. - 
10°C was added isopropenyl chloroformate (3.80 g, 31.8 mmole) 
in anhydrous dichloromethane (7 mL) dropwise over 35 m. 

After 2 h at ca. -5° to 0°C the reaction was quenched by the 
addition of cold 5% KHSO 4 solution (200 mL). The layers were 
separated and the organics were washed with cold 5% KHSO 4 
solution (200 mL), then the combined aqueous portions were 
extracted with dichloromethane (.50 mL) and the combined 
organics were washed with brine (100 mL) and dried (MgSC> 4 ) . 
Solvent evaporation left 12.41 g of the condensation adduct 
as a light yellow oil which was dissolved in ethyl acetate 
(350 mL) and heated to reflux for 30 m. The solution was 
allowed to cool and was extracted with half-saturated sodium 
bicarbonate solution (6 x 200 mL). The combined aqueous 
portions were carefully acidified to ca. pH 2 with powdered 
citric acid. The solution was extracted with ethyl acetate 
(3 x 200 mL) and the combined organics were dried (MgS 04 ), 
filtered and concentrated to give 10.26 g of the (5R)-N-Boc- 
5-(cyclohexylmethyl)- 2 ,4-pyrrolidindione as a thick yellow 
oil which was dissolved in dichloromethane (150mL) and 
glacial acetic acid (20 mL). After chilling to ca. 0°C, 
sodium borohydride (4.69 g, 124 mmole) was added in portions 
over 1 h. After stirring the resulting mixture for ca. 3 h 
it was poured into ice water (300 mL) and stirred 10 m. The 
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layers were separated and the aqueous portion was extracted 
with dichloromethane (2 x 100 mL). The organics were washed 
once with brine t300 mL) and then dried (Na 2 SC> 4 ) . 

Evaporation left 9.0 g oil which was applied to a flash 
silica gel column ( 2 " x 16") and eluted with 50% ethyl 
acetate/hexane, yielding after solvent removal 5.58 g of the 
desired (4S,5R)-N-Boc-5-(cyclohexylmethyl)-4-hydroxy-2- 
pyrrolidinone: Rf= 0.35 (50% EA/Hx) / [0 C] 21 d = +40.9° 

(c=2.1, CHCI 3 ). 

JEL.- (3R« 4S, 5R) - N-Boc-3-Ben z v l - 5- ( CYClohexylmethyl) -4-hydroxy- 

2 -pyrrolidinone. 

To a solution of LDA (prepared from diisopropylamine 
(0.60 mL, 4.28 mmole) and n-BuLi (2.90 mL, 3.97 mmole) in THF 
(6.50 mL)) at -78°C was added dropwise a solution of the 
resultant compound of Example 283A in THF (15.0 mL). After 2 
h at -78°C, DMPU (0.98 mL, 8.10 mmole) was added and after 15 
m, benzyl bromide (0.64 mL, 5.38 mmole). The reaction 
mixture was stirred at -78°C for ca. 2.5 h and then was 
allowed to. warm slowly to ca. -30°C over 1.25 h at which 
point the reaction was quenched by the addition of 0.1 N 
citric acid solution. The mixture was warmed to RT and 
partitioned between water and ether, the layers were 
separated, and the aqueous portion was extracted with ether 
(2x). The combined organics were washed with brine (2x) and 
then dried (MgSC> 4 ) .Flash silica gel chromatography (col. 

I"x 8 "; hexane to 20 % ethyl acetate/hexane) gave the product 
0.482 g; Rf= 0.35 (1:2 EA/Hx); [<X] 25 d = +41.4° (c-3.01, 
CHCI 3 ) . 


£L. -(2R, 3S. 4R) -4- (N-Boc-amino) -2 -benzyl-5-cyclohexyl-3- 

Jivdroxv-pentanoic acid acetonide. 
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To a solution of the resultant compound of Example 283B 
(176 mg, 0.45 mmole) in THF (5.0 mL) was added LiOH solution 
(1.35 mL, 1.35 mmole) and the resulting mixture was stirred 
1.5 h at which point the solvents were removed in vacuo and 
the residue was partitioned between ethyl acetate and 1.0 N 
citric acid solution. The aqueous phase was extracted with 
ethyl acetate ( 2 x) and the combined organics were dried 
(NaS 04 )• Evaporation of solvent left 256 mg residue which 
was dissolved in CH 2 CI 2 (6 mL) and to which was added 2- 
methoxypropene (0.13 mL, 1.35 mmole) and PPTS (ca. 5 mg). 
After stirring 2 h at RT the mixture was concentrated and 
residue applied to a column of flash silica gel (l"x 5 "; 5 % to 
25% ethyl acetate/hexane) to yield 191.9 mg of the desired 
compound; Rf= 0.38 (1:2 EA/Hx) ; [<X] 20 d = -10.1° (c=0.68, 

CHCI 3 ). 

D . (2R, 3S.4R)-4- (N-Boc-amino)-2-(N- Cbz-amino)-5-cvclohexyl-3- 

hydroxv-l-pheriylpentan e acetonide. 

A solution of the resultant compound of Example 283C 
(176 mg, 395 Jlmole), triethylamine (0.11 mL, 790 jlmole),and 
diphenylphosphoryl azide (0.13 mL, 603 Jlmole) in dry xylene 
(1.30 mL) was heated at ca. 50°C for 1 h, the temperature was 
increased to ca. 85°C and DMAP (ca. 10 mg) and benzyl alcohol 
(0.20 mL, 1.93 mmole) were added. The reaction was stirred 
19 h then allowed to cool to RT and evaporated. The residue 
was subject to flash chromatography (l"x 8 "; 10 % ethyl 
acetate/hexane) to give 150.6 mg of the desired compound; 

Rf= 0.48 (20% EA/Hx); [OC] 20 D = +2.7° (c-1.11, CHCI 3 ). 

E. ^. (2R, 3S. 4R) -4- (N-Boc-amino) -2-amino-5- c yclohexvl-3-hydroxy- 

1 -ohenylpent ane acetonide. 

A mixture of the resultant compound of Example 283D (133 
mg, 240jimole), 10% Pd/carbon (0.13 g) and glacial acetic acid 
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(ca. 6 mL) were stirred together under an atmosphere of 
hydrogen for 21 h. After filtration/ the solvent was removed 
from the filtrate and the residue taken up in CH 2 CI 2 and 
washed with 1 M NaOH. The aqueous phase was extracted twice 
and the combined organics were washed with brine (lx) and 
dried (MgS 04 )• Filtration and evaporation left 96.9 mg of 
the desired product; Rf= 0.41 (1:2 EA/Hx); [a] 20 o = +3.8° 

(c=l.20, CHCI 3 ). 

E. J ..(2R, 3S. 4R) -5-cvclohexyl-2.4-dia mino-3-hvdroxy-l- 

phenvloentane. 

To a solution of the resultant compound of Example 283E 
(7 9 mg, 189)imole) in MeOH (1.50 mL) at 0°C was added 4.8 M 
HCl/dioxane (0.40 mL, 1.9 mmole). The reaction was stirred 
ca. 2 h then allowed to warm slowly to RT over ca. 23 h. 

After flushing the solution with N 2 for several minutes, 
solid sodium carbonate was added and stirred 10 m. The 
mixture was diluted with CH 2 CI 2 (ca. 2 x volume) and filtered 
though Celite. Evaporation left 80 mg yellow glass which was 
purified by flash silica gel chromatography (l/ 2 "x 4 "; 1:10:89 
cone. NH40H/Me0H/CH2Cl2) to give 41 mg desired product; Rf= 
0.05 (7% MeOH/CH 2 Cl 2 ); [<X] 2 0 D = -32.0° (c-0.67, CHCI 3 ); *H 

NMR (CDCI 3 , 300MHz) 8 0.8-1.45(m, 8 H), 1.6-1.85(m,5H), 1.9- 
2.2(br s,5H), 2.50(dd,J=10.5,13.8 Hz,1H), 2.95(dd,J=4,13.8 
Hz,1H), 3.1-3.2(m,2H), 3.25(t,J=4.5 Hz,1H), 7.1-7.4(m,5H); 
Mass spectrum: (M+H) + =277; IR spectrum: (CDCI 3 ) 3390 cm -1 - 

G..(2R.3S.4R)-5-Cyclohexyl-2.4-bi s-(N-(N- 
±Ibenz vlQxvcarbonvl)-valinvl)-amino)-3-hydroxy-l- 

pheny l pentane. 

A solution of (2R,3S,4R)-5-cyclohexyl-2,4-diamino-3- 
hydroxy-l-phenylpentane (37.3 mg, 135 (imole) and N- 
(benzyloxycarbonyl) -valine p-nitrophenyl ester .(111 mg, 298 
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|imole) in THF (1.3 mL) was stirred at RT for 2 1/2 d. 1 M 
NaOH (ca. 1 mL) was added and the mixture stirred 45 m when 
it was partitioned between ethyl acetate and saturated sodium 
bicarbonate solution. The layers were separated and the 
aqueous portion was saturated with NaCl and extracted with 
ethyl acetate (3x). The combined organics were washed with 
brine (lx) and dried (Na 2 S 04 and activated carbon). 

Filtration and evaporation left ca. 150 mg yellow oil which 
was subject to flash chromatography (l"x 6 "; 50% ethyl 
acetate) to give 70 mg desired compound; Rf= 0.42 (1:2 
EA/Hx); l-H NMR (CDCI 3 , 300 MHz) 8 0.7-0.9 (m, 3H) , 0.68(d,J=7 

Hz, 3H), 0.75(d,J=7 Hz,3H), 0.96(d,J=7 Hz,3H), 1.00(d,J=7 
Hz,3H), 1.05-1.35(m,5H), 1.4-1. 8 (m,4H), 1.9-2.0 (m, 1H) , 

2.30(dd,J=6,13.5 Hz,1H), 2.95(dd,J=9,13.8 Hz,lH), 

3.21(dd,J=3,13.8 Hz,lH), 3.45-3.55(m,1H), 3.55-3.7(m,1H), 

3.7-3.75(m,1H), 3.8-3.9(m,1H), 4.02(dd,J= 6,8 Hz,1H), 

4.78(d,J=9 Hz,lh), 4.95-5.05(m,4H), 5.05(t,J=12 Hz, 1H), 

5.58(d,J=7 Hz,1H), 6.27(d,J=9 Hz,lH), 6.95(d,J=7 Hz,1H), 7.1- 
7.4(m,15H); Mass spectrum: (M+NH 4 ) + =760, (M+H) + =743. 

Example 284 

(2R,3S,4R)-5-Cyclohe xyl-2.4-bis-(N-(N-( (2- 
pyridinvl)methoxvcarbonvl)-val invll-amino)- 3 -hvdroxv-l- 

phenvlpentane. 

A solution of the resultant compound of Example 283F (20 
mg, 72 (imole), the resultant compound of Example 2D (85 mg, 

228 pjnole) and triethylamine (33 J1L, 236 ^mole) in THF (0.70 
mL) was stirred at RT for 2 d. The solvents were removed in 
vacuo and the residue subject to flash chromatography 
(l/2"x6"; 2 % to 5% MeOH/CH 2 Cl 2 ) to yield 31.5 mg desired 
compound; Rf= 0.50 (10% MeOH/CH 2 Cl 2 ) ; [<X] 20 d = -19.5° 

(c=0.80, CHCI 3 ) ; X H NMR (CDCl 3 / 300 MHz) 6 0.7-1.3 (m, 3H) , 

0. 68 (d,J=7 Hz,3H), 0.78(d,J=7 Hz,3H), 0.98(d,J=7 Hz,3H), 
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1.00(d,J=7 Hz,3H), 1.4-1.5(m,1H), 1.5-1.85(m,9H), 

2.05(dd,J=6,13 Hz,lH), 2.3-2.4(m,1H), 2.95(dd,9,13.8 Hz,1H), 

3.18(d,J=13.8 Hz,lH), 3.5-3.65(m,2H), 3.82(t,J=3 Hz,1H), 
3.85-3.95 (m,1H), 4.06(dd,J=5.4,7.5 Hz,1H), 4.7-4.8(m,1H), 

5.1-5.3(m,5H), 5.73(d,J=7.5 Hz,1H), 6.37(d,J=9 Hz,1H), 

6.90(d,J=6 Hz,1H), 7.1-7.4(m,9H), 7.6-7.8(m,2H), 8.5- 
8.6(m,2H); Mass spectrum: (M+H) + =745; Anal. Calcd for 

C 41 H 56 N 6 O 7 -1/2H20: C,65.32; H,7.62; N,11.15. Found: C,65.32; 
H,7.54; N,11.10 . 


Example 285 

(2Rf 3S> 4R)- 2 .4-Bis-(N-(N-((2-pyridiny l )methoxvcarbonyl)- 
yalinvl)-amino)-3-hvdroxy-l-(2-nap thyl)-5-phenylpentane. 

A--(4S,5R)-N-B0C-5-Benzvl-4-hvdroxy -2-pyrrolidinone. 

Using the procedure of Example 283A but with N-Boc- 
phenylalanine replacing N-Boc-cyclohexylalanine the desired 
compound was provided. 

a,-(.3R, 4S« 5R) -N-B0C-5-benzvl-4-hvdroxv-3- (2-napthvlmethvl) - 

2-pyrrolidinone. 

To a solution of LDA (prepared from diisopropylamine 
(0.68 mL, 4.85 mmole) and n-BuLi (3.45 mL, 4.66 mmole) in THF 
(8.0 mL) ) at 0°C was added HMPA (1.29 mL, 7.41 mmole); 
chilled to -78°C and added the resultant compound of Example 
285A (0.540 g, 1.85 mmole) in THF (7.0 mL). After 50 m a 
solution of 2-(bromomethyl)napthalene in THF (5.0 mL) was 
added and the reaction was stirred at -78°C for 30 m before 
it was quenched by the addition of 1.0 N citric acid 
solution. The mixture was diluted with ether (100 mL) and 
washed with 1.0 N citric acid solution (2 x 50 mL). The 
aqueous portions were extracted with ether (1 x 50 mL) and 
discarded. The combined organics were washed with brine ( 3 
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x 50 mL) and dried (MgSC> 4 ) . Evaporation and flash silica gel 
chromatography (l"xl 2 "; hexane to 20 % ethyl acetate/hexane) 
gave 0.28 g desired compound; Rf= 0.39 (1:2 EA/Hx) ; [<X] 25 d 

= -4.4° (c=0.59, CHCI 3 ). 


£-- ( 2 R, 3S, 4R) -4- (N- Boc-amino) -3-hvdroxv-2- (2-napthvlmet-.hyi i - 

5- Phenvlpentanoic acid acetonide. 

Using the procedure of Example 283C but with the 
resultant compound of Example 285B (0.23 g, 0.53 mmole) 
replacing the resultant compound of Example 283B, 0.21 g of 
the desired compound was obtained; Rf= 0.61 (50% EA/Hx). 


D .. (2R» 3S, 4R)-4-(N-Boc-amino)-2-(N- C bz-amino) -3-hydroxy-l- (2- 
napthvl)-5-phenvlpentane acetonide. 

Using the procedure of Example 283D but with the 
resultant compound of Example 285C (203 mg, 414 ^imole) 
replacing the resultant compound of Example 283C, 187 mg of 
the desired compound was obtained; Rf= 0.36 (20% EA/Hx); 1 h 
NMR (CDCI 3 , 300MHz) 8 1.36(s,3H), 1.53(s,9H), 1.75(s,3H), 

2.6-2.9(m,2H), 3.05-3.30(m,2H), 3.7-4.2(m,4H), 4.8-5.0(m,2H), 

7.0-7.3(m,11H), 7.4-7.5(m,3H), 7.65-7.8(m,3H); Mass 
spectrum: (M+NH 4 ) + =612, (M+H) + =595. 

E.■ (2R,3S,4R)-2-amino-4-(N-Boc-a m ino) -3-hydroxy-l- 12- 
napthvl)-5-Phenvlpentane acetonide. 

Using the procedure of Example 283E but with the 
resultant compound of Example 285D (180 mg, 303 nmole) 
replacing the resultant compound of Example 283D, 119 mg of 
the desired compound was obtained; Rf= 0.06 (EA/Hx); !h NMR 
(CDCI 3 , 300 MHz) 8 1.33<s,3H), 1.54(s,9H), 1.6-1.7(m,2H), 

1.75 (s, 3H) , 2.3-2.5 (m, 1H) , 2.6-2 .8 (m, 1H) , 2.85-2.95 (m, 1H) , 

3.1-3.2(m,1H), 3.2-3.3(m,1H), 3.7-3.85(m,1H), 4.1-4.25(m,1H), 
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7.15-7.3(m,6H), 7.4-7.5(m,2H), 7.53(s,lH), 7.7-7.9(m,3H); 
Mass spectrum: (M+H) + =460. 

F . .(2R.3Sf4R) -2. 4-diamino-3-hydr o xy-l-(2-napthyl ) -5- 

phenvlpentane. 

Using the procedure of Example 283F but with the 
resultant compound of Example 285E (114 mg, 248 )lmole) 
replacing the resultant compound of Example 283E, 111 mg of 
the desired compound was obtained; Rf= 0.28 (1:10:89 
cone.NH 40 H/Me 0 H/CH 2 Cl 2 ); Mass spectrum: (M+H) + =321. 

G--L2 R,3S,4R)~2,4~Bis~(N-(N- ( (2-pvridinvl) m ethoxvcarbonvl)- 

va li nv l )- am i no)-3-hv droxv-l-(2-napthvl)-5-phenvloentang, 
Using the procedure of Example 284A but with the 
resultant compound of Example 285F (58.5 mg, 182 pjnole) 
replacing the resultant compound of Example 283F, 80 mg of 
the desired compound was obtained; Rf= 0.50 (10% 

MeOH/CH 2 Cl 2 ); X H NMR (CDCI 3 , 300 MHz) 8 0.53(d,J=7 Hz,3H), 
0.66(d,J=7 Hz,3H), 0.93(d,J=7 Hz, 6 H), 1.65-2.0(m,4H), 2.2- 
2.4(m,1H), 3.0-3.2(m,3H), 3.3-3.4(m,1H), 3.5-3. 8 (m,3H), 4.05- 
4.15(m,1H), 5.00 (s,1H), 5.05-5.25(m,4H), 5.74(d,J=9 Hz,1H), 
6.28(d,J=7.5 Hz,lH), 7.0-7.5(m,12H), 7.55-7.8(m,6H).8.4- 
8.6 (m, 2H) ; Mass spectrum (FAB): (M+Na) + =811, (M+H)- + =789. 

Example 286 

( 2 R, 3S, 4R)-2. 4-Bis-(N-(N-((2-pyridi nvl)methoxycarbonyl)- 
yalinyl)-amino)-3-hvdroxv-l-(1-napthyl)- 5 -phenylpentane. 

bu, - (3R, 4S. 5R) -N-Boc-5-benzvl-4-hvdroxv-3- (l- n apthylmethyl) - 

2-Pvrrolidinone. 

Using the procedure of Example 285B with the resultant 
compound of Example 285A (0.694 g, 2.38 mmole) but replacing 
2-(bromomethyl)napthalene with 1-(bromomethyl)napthalene, 
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0.440 g of the desired compound was obtained; Rf= 0.39 (1:2 
EA/Hx); [a] 25 o = +36.3° (c=2.59, CHCI 3 ). 

-(2 R, 3Si 4R) ~ 4~ (N-Boc-am i no) -3- hvdroxv-2- a-napthvlmet--hvl) - 

■5-phenvlpentanoic acid acetonide. 

Using the procedure of Example 283C but with the 
resultant compound of Example 286A (0.46 g, 1.08 mmole) 
replacing the resultant compound of Example 283B, 319 mg of 
the desired compound was obtained: Rf= 0.34 (1:2 EA/Hx); 
[a] 24 o -53.4° (c=2. 6 , CHCI 3 ). 

C .■ (2R.3S.4R)-4-(N-Boc-amino)-2-(N-Cb z -amino)-3-hydroxy-l- ( 1- 
napthvl) -5-phenvlpentane acetonide. 

Using the procedure of Example 283D but with the 
resultant compound of Example 286B (131 mg, 264 |lmole) 
replacing the resultant compound of Example 283C, 119 mg of 
the desired compound was obtained: Rf= 0.38 (20% EA/Hx); 

[Ct] 24 D = -73.7° (c=2. 6 , CHCI 3 ) . 

D. .(2R.3S,4R)-4-(N-Boc-amino)-2- amino-3-hydroxy-l-(1- 

napthvl)-5-phenvlpentane acetonide. 

Using the procedure of Example 283E but with the 
resultant compound of Example 286C (233 mg, 392 nmole) 
replacing the resultant compound of Example 283D, 140 mg of 
the desired compound was obtained: Rf= 0.52 (1:2 EA/Hx); 
[a] 24 o = -60.6° (c-1.04, CHCI 3 ) . 

E. . . ( 2 R. 3S. 4R) -2.4-diamino-3-hYd r oxY-l- (1-napthyl) -5- 

ohenvlpentane. 

Using the procedure of Example 283F but with the 
resultant compound of Example 286D (116 mg, 251 H m °le) 
replacing the resultant compound of Example 283E, 51.3 mg of 
the desired compound was obtained: Rf= 0.14 (1:10:89 



-263- 

conc.NH 40 H/MeOH/CH 2 Cl 2 ); [a] 2 ° D = -33.5° (c=1.07, CHCI 3 ); 

1 H NMR (CDC13, 300 MHz) 8 2.1(br s,5H), 2.72(dd,J=10 / 14 
Hz,1H), 2.82(dd,J-10.5,14.8 Hz,lH), 2.96(dd,J=6,14 Hz,1H), 
3.28(ddd,J=3,6,10 Hz,1H), 3.45(m,2H), 3.63(dd,J=3,14 Hz,lH), 
7.2-7.55(m,9H), 7.74(d,J=9 Hz,1H), 7.8-7.9(m,1H), 8.0- 
8.1(m,1H); Mass spectrum: (M+H) + =321; IR spectrum: 

(CDCI 3 ) 3390, 3020, 1590 cm"*. 

- ( 2 R,3S,4R)-2,4-B i s-(N-(N-((2-Pv ridinvl)methoxycarbonyl)- 

valinvl)-amino)-3-hvdroxy-l-( 1 -nap t hyl)-5-phenylpentane>. 

Using the procedure of Example 284A but with the 
resultant compound of Example 286E (45 mg, 140 Umole) 
replacing the resultant compound of Example 283E, 77.7 mg of 
the desired compound was obtained: Rf= 0.32 (5% 

MeOH/CH 2 Cl 2 ) ; [CX] 20 d = -54.8° (c-2.14, CHCI 3 ) ; ^-H NMR 

(CDCI 3 , 300 MHz) 8 0.47(d,J= 6 Hz,3H), 0.67(d,J=6 Hz,3H), 
0.79(d,J =6 Hz,3H), 0. 86 (d,J =6 Hz,3H), 1.92(dd,J=7,12.6 
Hz,1H), 2.25(dd,J=7,12 Hz,1H), 2.69(br s,1H), 3.12(d,J=7 
Hz,2H), 3.27(dd,J=9,13.8 Hz,1H), 3.7-3.9 (m, 3H) , 3.95- 
4.15(m,2H),4.85-5.3(m,5H), 5.64(d,J=8 Hz,1H), 6.37(d,J=9 
Hz,1H), 7.1-7.35(m,13H), 7.4-7.5(m,2H), 7.55-7.7(m,3H), 
7.75(d,J=7.5 Hz,lH), 8.13(d,J=9 Hz,1H), 8 .53(br s,2H); Mass 
spectrum: (M+H) + =789; IR spectrum: (CDCI 3 ) 3420, 3140, 

1720, 1660, 1510 cm“l; Anal. Calcd for C 45 H 52 N 6 O 7 *H 20 : 

C,66.98; H,6.74; N,10.41. Found: 0,66.69; H,6.51; N,10.29. 

Example 287 

(2R.3S.4 R)-2,4-Bis-(Nr(N-((2-Pvridinvl)methoxycarbonyl)- 
valinvl)-a mino)-3-hvdroxv-5-( 1 -napthyl)- 1 -phenylpentane. 

K. -L4S.5R)-N-Boc-4-hydroxy-5- ( 1-na pthylmethyl)-2- 

pvrrolidinone. 

Using the procedure of Example 283A but with N-Boc- 
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(1-napthyl)alanine replacing N-Boc-cyclohexylalanine the 
desired compound was provided; Rf= 0.77 (2:3:95 
HOAc/MeOH/EA) and 0.04 (1:1:2 ether/CH 2 Cl 2 /Hx); [a] 24 o = - 

59.5° (c=2. 6 , CHCI 3 ). 

E-.- (3R, 4S. 5R ) -N-Boc-3-benz vl-4-hydroxy-5- (l-napthvlmethyll - 

2 -pyrrolidinone. 

Using the procedure of Example 285B with the resultant 
compound of Example 287A (0.708 g, 2.07 mmole) but replacing 
2-(bromomethyl)napthalene with benzyl bromide, 0.497 g of the 
desired compound was obtained; Rf= 0.25 (1:1:2 
ether/CH 2 Cl 2 /Hx) ; [<X] 20 d = -17.4° (c=1.21, CHCI 3 ) . 

-L2R. 3S. 4R) -4- (N-Boc-amino) - 2-benzyl-3-hydroxy-5- ( 1 - 

napthvl)pentanoic acid a cetonide. 

Using the procedure of Example 283C but with the 
resultant compound of Example 287B (0.41 g, 0.95 mmole) 
replacing the resultant compound of Example 283B, 190 mg of 
the desired compound was obtained; Rf= 0.25 (1;2 EA/Hx); 
[a] 20 D = -41.3° (c=0.15, CHCI 3 ) . 

D .. ( 2 R,3S,4R)-4- ( N-Boc-am i no) -2-(N -Cbz-amino)-3-hydroxy-5-( 1 - 
napthvl)-l-phenvloentane a cetonide. 

Using the procedure of Example 283D but with the 
resultant compound of Example 287C (155 mg, 317 pinole) 
replacing the resultant compound of Example 283C, 152 mg of 
the desired compound was obtained; Rf= 0.36 (20% EA/Hx); 
[a] 20 D = -58.4° (c-2.16, CHCI 3 ) . 

E . . (2R, 3 S,_4R) -2-amino-4 - (N-Boc-amino) -3-hydroxy-5- ( 1 - 
napthvl)- 1 -phenylpentane acetonide. 


Using the procedure of Example 283E but with the 
resultant compound of Example 287D (140 mg, 230 |lmole) 
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replacing the resultant compound of Example 283D, 49.1 mg of 
the desired compound was obtained; Rf= 0.22 (1:2 EA/Hx); 
[a] 20 n = -62.2° -(0=0.83, CHCI 3 ) . 

E..(2R.3S« 4R)-2.4-diamino-3-h y droxy-5-(1-napthvl)- 1 - 

phenylpentane. 

Using the procedure of Example 283F but with the 
resultant compound of Example 287E (40 mg, 87 nmole) 
replacing the resultant compound of Example 283E, 21.2 mg of 
the desired compound was obtained; Rf= 0.32 (1:15:84 
conc.NH 40 H/Me 0 H/CH 2 Cl 2 ); [CX] 20 d = - 6 . 8 ° (c=0.56, CHCI 3 ); 3-H 

NMR (CDC13, 300 MHz) 8 2.15(br s,5H), 2.54(dd,J=9,13.5 
Hz,1H), 2.94(dd,J=4,13.5 Hz,lH), 3.13(dd,J=9,14 Hz,1H), 

3.23(ddd,J=4,5.4,9 Hz,lH), 3.42(dd,J=5.4,14 Hz,lH), 

3.48(dd,J=2.4,5.4 Hz,1H), 3.57(ddd,J=2.4,5.4,9 Hz,lH), 7.1- 
7. 6 (m,9H), 7.76(d,J=8.7 Hz,1H), 7.85-7.9(m,1H), 8.06(d,J=8.7 
Hz,1H); Mass spectrum: (M+H) + =321; IR spectrum: (CDCI 3 ) 

3380, 3320, 1595 cm -1 . 

2-- ( 2 R,3S,4R)-2.4-Bis-(N-(N-((2-Pvridinvl) m ethoxvcarbonyl)- 

va l inv l )-amino)-3-hvdroxy-5- (1-napthyl)- 1 -phenylpentane. 

Using the procedure of Example 284A but with the 
resultant compound of Example 287F (18 mg, 56 nmole) 
replacing the resultant compound of Example 283F, 20 mg of 
the desired compound was obtained; Rf= 0.31 (5% 

MeOH/CH 2 Cl 2 ) ,' [a] 20 o = -34.9° (c=0.37, CHCI 3 ) ; 1 H NMR 

(CDCI 3 , 300 MHz) 8 0.58(d,J=7 Hz,3H), 0.68(d,J=7 Hz,3H), 

0.85(d,J=7 Hz,3H), 0.93(d,J=7 Hz,3H), 1.85-2.0(m,1H), 

2.31(dd,6,12 Hz,1H), 2.87(dd,J=9,13.5 Hz,1H), 3.20(d,J=13.5 
Hz,1H), 3.5-3.9(m, 6 H), 3.95-4.1(m,1H), 4.12(dd,J=5.4,9 
Hz,1H), 4.7-4.9(m,2H), 5.0-5.2(m,2H), 5.15(s,2H), 5.68(d,J=9 
Hz,1H), 6.17(d,J=8 Hz,1H), 7.0-7.45(m,12H), 7.48(t,J=7.5 
Hz,1H), 7.55-7.7(m,3H), 7.75(d,J =8 Hz,1H), 8.04(d,J=9 Hz,1H), 
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8.45(d,J—4 Hz,1H), 8 .55 (d,J=4 Hz,lH); Mass spectrum: 
(M+H) + =789; Anal. Calcd for C 45 H 52 N 6 O 7 •H 2 O: C,66.98; 

H,6.74; N,10.41. Found: C,66.77; H, 6 . 66 ; N,10.01. 

Example 288 

(6-MethvlPvridin-2-vl)methoxvcarbonvl-Valine 
To a solution of the isocyanate derived from Valine 
methyl ester (17.9 mmol) dissolved in toluene was added 6 - 
methy1-pyridine-2-methanol (2.42 g, 1.1 equivalent). The 
solution was heated at reflux for 2 hours. After 
concentration in vacuo and purifiction by silica gel column 
chromatography, (6-methylpyridin-2-yl)methoxycarbonyl-Valine 
methyl ester (2.8 g) was obtained. Hydrolysis of the methyl 
ester using aqueous lithium hydroxide provide the title 
compound upon recrystallization from hot ethyl acetate. 

Example 289 

.(2S.3S.5S) -2- (N- f ( 6 -Methylpyridin- 2 -y l ) methoxvcarbonyl- 
Yalvllamino) 5-(N-r(Pvridin-3-yl)me t hoxycarbonyllamino)- 
.L.- 6 -diphenvl-3-hvdroxyhexanp 

Coupling of the resultant compound from Example 288 with 
(2S,3S,5S)-2-amino-5-(N-[(pyridin-3- 

yl)methoxycarbonyl]amino)- 1 ,6-diphenyl-3-hydroxy hexane using 
standard EDAC/HOBT methodology afforded the title compound in 
79% yield. m.p. 175-176 °C. 1 H NMR (DMSO-d 6 , 300 MHz) 8 0.73 

(d, 3H), 0.78 (d, 3H), 1.50 (m, 2H), 1.90 (m, 1H), 2.45 (s, 
3H), 2.60-2.70 (m, 4H), 3.55 (m, 1H), 3.85 (m, 2H), 4.95 
(ABq, 2H), 5.05 (s, 2H), 7.10-7.20 (m, 12H), 7.35 (m, 2H), 

7.49 (d, 1H), 7.55 (d, 1H), 7.70 (t, 1H) , 8.50 (m, 2H) . MS 
(DCI/NH 3 ) m/e 668 (M+H) + . 
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Example 290 

(2S,3S.5S)-2-(N-r (Pvridin-3-yl)methoxycarbonyllamino)- 
5-(N-f(6-methylpyridi n-2-yl)methoxycarbonyl- 
valvllamino)-1.6-diph enyl-3-hvdroxyhexane 
Coupling of the resultant compounds from Example 288 
with (2S,3S,5S)-2-(N-[(pyridin-3-yl-methoxycarbonyl]amino)-5- 
amino-1,6-diphenyl-3-hydroxyhexane using standard EDAC/HOBt 
methodology afforded the title compound in 70% yield. ^-H NMR 
(DMSO-d 6 ; 300 MHz): 8 0.75 (d, 3H) , 0.78 (d, 3H), 2.45 (s, 

3H), 4.60 (d, 1H), 4.95 (m, 2H), 5.05 (s, 2H) , 7.05-7.70 (m, 
15H), 8.50 (m, 2H). Mass spectrum: (M+H)+ = 668. 

Example 291 

f.(6-Methvlovridin-3-yl) methyl 1 (4-nitrophenyl) carbonate 
To a solution of 4-nitrophenylchloroformate 
(2.00 g) dissolved in methylene chloride (20 mL) and 
cooled to 0°C was added (6-methylpyridin-3-yl)methanol 
(1 equivalent) and triethylamine (1 equivalent). The 
solution was allowed to warm to room temperature and 
stirred for 0.5 hours, diluted with methylene chloride, 
washed with saturated sodium bica4rbonate solution, 
dired over sodium sulfate and concentrated in vacuo. 

The residue obtained was column chromatographed on 
silica gel to afford the title compound (80%) . 

Example 292 

(6-Methvlpyridin-3-yl)methoxycarbonyl-Valine 
To a solution of the resultant compound from Example 291 
(2.00 g) dissolved in dimethylformamide (20 mL) was added 
Valine methyl ester hydrochloride (1 equivalent) and 
triethylamine (2 equivalents). After stirring at room 
temperature for 1 hour, the solvent was removed in vacuo. 
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The residue obtained was chromatographed on silica gel 
eluting with 5% methanol in methylene chloride to afford the ' 
title compound methyl ester. Hydrolysis with lithium 
hydroxide in aqueous dioxane afforded the title compound. 

Example 293 

(2S. 3S..5.S) -2- (N- r (6-MethvlPvridin-3- y l)methoxycarbonyl- 
. valvllamino) -5- (N f (pyridin-3- y l) methoxycarbonyl 1 amino- 
■L.. 6-diphenvl-3-hvdroxy hexane 
Coupling of the resultant compound from Example 
292 with(2S,3 S,5S)-2-amino-5-(N-[(pyridin-3- 
yl)methoxycarbonyl]amino-1, 6-diphenyl—3-hydroxyhexane 
using standard EDAC/HOBt methodology afforded the title 
compound. 1 H NMT (DMS0-d6; 300 MHz): 8 0.70 (d, 3H), 

0.75 (d, 3H), 2.45 (s, 3H), 4.90 ( m, 3H), 5.03 (s, 2H) 
7.10-7.65 (m, 16H), 8.45 (m, 2H). Mass spectrum: 

(M+H) + = 668. 

Example 294 

I2 S,3S« 5S)-2-(N-f fPvridin-3-vl)methoxycarbonyl1 amino-5- 
iM-1 (6-methvl-Pvridin-3-yl)methoxycarbonyl- 
Valvl1 amino)-1,6-diphenyl-3 -hydroxyhexane 
Coupling of the resultant compound from Example 
292 with (2S,3S,5S)-2-(N-[(pyridin-3- 

yl)methxoycarbonyl]amino-5-amino-l,6-diphenyl-3- 
hydroxyhexane using standard EDAC/HOBt methodology 
afforded the title compound. 1 H NMR (DMSO-dg; 300 MHz): 

8 0.73 (d, 3H) , 0.75 (d, 3H) , 1.80 (m, 1H) , 2.45 <s, 

3H), 4.67 (d, 1H), 4.96 (m, 2H), 5.05 (s, 2H) , 

6.90 (br d, 1H), 7.05-7.70 (m, 16H), 8.47 (m, 3H) . 

Mass spectrum: (M+H) + = 


668 . 
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Example 295 

h*. -(2R. 5R) -2. 5-Diamino-l. 6-diphe nyl-3-hexane . 

A mixture of 200 mg (0.75 mmol) of the resultant 
compound of Example 18B and 20 mg of 10% Pd/C in 5 ml of 
methanol was stirred under 1 atmosphere of H 2 for 16 h. The 
resulting mixture was filtered and concentrated in vacuo to 
provide the desired compound. 

a.- (2R> 5R)~2,5-Bis-(N-(N-((N-methvl-N-((2- 

pvridinvl)methyl)amino)carbonyl)valinyl)am i no)-1.6-diphenyl- 

3-hexane. 

Using the procedure of Example 85 but replacing the 
resultant compound of Example 4A with the resultant compound 
of Example 295A and replacing the resultant compound of 
Example 43B with the resultant compound of Example 3F 
provided, after silica gel chromatography using first 2% then 
3.5% methanol in chloroform, 17 mg (55%) of the desired 
compound (Rf 0.34, 10% methanol in chloroform) as a white 
solid. Mass spectrum: (M + 1) + = 763. 

Example 296 

A-.-l-Iodo-2- (iodo methyl) -2-propene . 

A mixture of 4 ml (3.5 mmol) of l-chloro-2- 
(chloromethyl)-2-propene and 15 g of sodium iodide in 50 ml 
of acetone was heated at reflux for 5 h. The resulting 
mixture was filtered, concentrated in vacuo, taken up in 
dichloromethane, washed sequentially with aqueous NaHSC >3 and 
water, dried over MgS 04 and concentrated in vacuo to provide 
7.2 g (68%) of the crude desired compound as an oil. 


B-- L2B,i 5R, 4 ' R* 5 1 S) -2.5-Bis- ( (4-methvl-2-oxo-5- 

Phenvloxazolidinvl)carbonyl)-1.7-di phenyl-4-methyleneheptane 
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A solution of 1.36 ml of dry diisopropylamine ( 9.7 mmol) 
in 30 ml of anydrous tetrahydrofuran was cooled under N 2 to - 
78°, treated with 6 ml (9.7 mmol) of n-butyllithium, allowed 
to warm for 10 min, recooled, treated with 3.0 g ( 9.7 mmol) 
of (4R,5S)-3-dihydrocinnamoy1-4-methyl-5-phenyloxazolidin-2- 
one, stirred at -78°C for 30 min, treated with 1.5 g of the 
resultant compound of Example 296A in 5 ml of 
tetrahydrofuran, and stirred at -40°C for 16 h. The 
resulting solution was quenched with aqueous NH 4 CI, extracted 
with dichloromethane, dried over MgSC> 4 , and concentrated in 
vacuo. Silica gel chromatography of the residue using 10%- 
20 % ethyl acetate in hexane provided 2.0 g (60%) of the 
desired compound. 

C-- ( 2 R,5R)- 1 ,7-D i P henvl-4-methv leneheptane-2.5-dicarboxylic 

Acid. 

A solution of 2.0 g (3 mmol) of the resultant compound 
of Example 296B in 60 ml of 1:1 tetrahydrofuran:water was 
cooled to 0°C and treated with a mixture of 19 ml of 0.5 M 
LiOH and 4.5 ml of 30% hydrogen peroxide. The resulting 
solution was allowed to stand for 20 h, treated with aqueous 
NaHS 03 , stirred for 1 h, concentrated in vacuo, basified with 
1 N NaOH, washed with ethyl acetate, acidified with 6 N HC1, 
and extracted with chloroform. The organic phase was dried 
over Na 2 S 04 and concentrated to provide 0.9 g ( 86 %) of the 
crude desired compound. 

IL-(2R.5R)-2.5-Bis-(N-(benzyloxy carbonyl)amino)-1.7- 

diphenvl-4-meth vleneheptane. 

A solution of 600 mg (1.7 mmol) of the resultant 
compound of Example 296C, 0.73 ml (3.4 mmol) of 
diphenylphosphorylazide, and 0.47 ml (3.4 mmol) of 
triethylamine in 6 ml of toluene was heated at reflux for 3 
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h, treated with 0.7 ml (6.8 mmol) of benzyl alcohol, and 
heated for an additional 2 h. The resulting solution was 
concentrated in vacuo, taken up in dichloromethane, washed 
with saturated brine, dried over MgS 04 , and concentrated in 
vacuo. Silica gel chromatography using first chloroform then 
10% ethyl acetate in chloroform provided 302 mg (32%) of the 
desired compound. 

iL-(2R.5R)-2. 5-Bis-(N-(benzyloxyca rbonyl)amino)-1.7- 

diohenvlheptan-4-one. 

A solution of 50 mg (0.09 mmol) of the resultant 
compound of Example 296D in 1 ml of dioxane and 0.3 ml of 
water was treated with 0.0055 ml of 4% osmium tetroxide in 
water. After 10 min, 41 mg of sodium periodate was added, 
and the mixture was stirred for 1.5 h, treated with 10% 
aqueous NaHSC> 3 , stirred for 15 min, and extracted with ethyl 
acetate. The organic phase was dried over MgSC >4 and 
concentrated in vacuo to provide the crude desired compound. 

£-■-L2 R, 5R) -2. 5-Bis- (N- (benzyloxyca rbonyl) amino) -1.7- 

diphenvl-4-hydroxy heptane. 

The crude resultant compound of Example 296E (40 mg) was 
suspended in 4 ml of methanol, treated with 5.5 mg of sodium 
borohydride, stirred for 45 min, treated with saturated 
brine, stirred for 10 min, and extracted with 
dichloromethane. The organic phase was dried over MgSC >4 and 
concentrated in vacuo. Silica gel chromatography using 25%- 
30% ethyl acetate in hexane provided 14.2 mg of the desired 
compound. Mass spectrum: (M + H) + = 567. 


Example 297 

(2S, 3S- 5S) -2- (N-(N-((N-Methyl-N-((6-methyl-2- 
PYridinvl)methvl)amino)carbony l )valinyl)amino)-5-m- 
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1. (3-Pvridinvl) -methoxvcarbonyl) amino) -1. 6-diphenvl-3- 

hvdroxvhexane 

Coupling of (N-((N-methyl-N-((6-methyl-2- 
pyridinyl)methyl)amino)carbonyl)valine with (2S,3S,5S)- 
2-amino-5-(N-((3-pyridinyl)methoxycarbonyl)amino)-1,6- 
diphenyl-3-hydroxyhexane using standard EDAC/HOBt 
methodology provided the desired compound in 91% yield. 
1 H NMR (DMSO-d 6 ; 300 MHz) 8 0.72 (d, 3H) , 0.77 (d, 3H) , 

1.92 (m, 1H), 2.43 (s, 3H), 2.88 (s, 3H), 4.43 (s, 2H) , 

4.92 (m, 2H), 6.37 (br d, 1H), 7.0-7.65 (m, 15H) , 

8.50 (m, 2H). Mass spectrum: (M+H) + = 681. 

Example 298 

.. (2S, 3S. 5S) -2- (N- ( (3-Pvridinvl) -meth o xycarbonvl) amino-5- 
(N~ (N-((N-Methvl-N-((6-methyl-2-p vridinyl)methyl)- 
amino) carbonvl)valinvl)am ino)-1.6-diphenvl-3- 

hvdroxyhexane 

Coupling of (N-((N-methyl-N-((6-methyl-2- 
pyridinyl)methyl)amino)carbonyl)valine with (2S,3S,5S)- 
2- (N- ( (3-pyridinyl) methoxy-carbonyl) amino) -5-amino-l,. 6- 
diphenyl-3-hydroxyhexane using standard EDAC/HOBt 
method provided the desired compound in 88% yield. 1 H 


NMR 

(DMSO 

-dg; 

300 

MHz) ; 

8 0.74 

(d. 

6H) , 

2.45 

(s. 

3H) , 

2.88 

(s. 

3H), 

4.42 (br 

S, 2H), 

4.60 

(d, 

1H) , 

4.95 

(m, 

2H) , 

6.27 

(br 

d. 

1H) , 

6.87 (br 

d. 

1H) , 

7.10- 

-7.70 

(m. 


15H), 8.50 (m, 2H). Mass spectrum: (M+H) + = 681. 

Example 299 

12S.3S.5S)-2-(N- ( (5-Methyl -3-pyridinyl)- 
methoxvcarbony l)valinyl)amino)-5-(N-(3- 
PYridinvl)methoxycarbonvl)a mino)-l.6-diphenyl-3- 

hvdroxvhexane 
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Coupling of (5-methyl-3- 

pyridinyl)methoxycarbonyl)valine with (2S,3S,5S)-2- 
amino-5-(N((3-pyridinyl)methoxycarbonyl)amino)-1,6- 
diphenyl-3-hydroxyhexane using standard EDAC/HOBt 
method provided the desired compound in 82% yield. 
1 R NMR (DMSO-d 6 ; 300 MHz): 8 0.72 (d, 3H) , 0.75 (d, 

3H), 1.50 (m, 2H), 1.90 (m, 1H) , 2.28 (s, 3H), 
4.88 (br d, 1H), 4.92 (m, 2H) , 5.04 (s, 2H) , 7.10-7.58 
(m, 15H) , 8.35 (m, 2H) , 8.45 (m, 2H) . Mass spectrum: 

(M+H) + = 668. 


Example 300 

(2S.3S.5S)-2- (N((3-Pvridinvl)methoxyca rbonyl)amino)-5- 
-LH,( (5-met hvl-3-Pvridinvl) methoxycarbonyl) valinyl)- 
amino)-1.6-diphenyl-3-hydroxyhexane 
Coupling of (5-methyl-3-pyridinyl)methoxycarbonyl- 
valine with ( 2 S , 3 S , 5 S ) - 2 - ( N - ( ( 3 - 

pyridinyl)methoxycarbonyl)amino)-5-amino-l,6-diphenyl- 
3-hydroxyhexane using standard EDAC/HOBt method 
provided the desired compound in 80% yield. 1 H NMR 
(DMSO-d6/ 300 MHz): 8 0.73 (d, 3H) , 0.77 (d, 3H), 

1.45 (m, 2H) , 1.80 (m, 1H) , 2.29 (s, 3H) , 4.63 (br d, 

1H), 4.95 (m, 2H), 5.05 (s, 2H), 6.90 (br d, 1H), 7.10- 
7.60 (m, 15H), 7.70 (br d, 1H), 8.37 (m, 2H), 8.50 (m, 
j 2H). Mass spectrum: (M+H) + = 668. 

Example 301 

12S, 3S.5S)-2-(N-(N- ( (N-Methyl-N((6-methyl-3- 
Byridinvl)methvl)amino)carbonyl)val inyl)amino)-5-(N- 
((3-Pvr idinyl)-methoxycarbonyl)amino)-1.6-diphenyl-3- 

hydrox yhexane 

Coupling of (N-((N-Methyl-N-((6-methyl-3- 
pyridinyl)methyl)amino)carbonyl)valine with (2S,3S,5S)- 
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2-amino-5-(N-((3-pyridinyl)methoxycarbonyl)amino)-1,6- 
diphenyl-3-hydroxyhexane using standard EDAC/HOBt 
methodology provided the desired compound in 85% yield. 
1 H NMR (DMS0-d6; 300 MHz): 5 0.70 (d, 3H) , 0.76 (d, 

3H), 1.50 (m, 2H), 1.90 (m, 1H), 2.40 (s, 3H), 2.79 (s, 

3H), 4.40 (m, 2H) . 4.85 (br d, 1H) , 4.92 (m, 2H) , 
6.0 (br d, 1H) , 7.10-7.55 (m, 15H) , 8.30 (d. 1H) , 
8.50 (m, 2H). Mass spectrum: (M+H) + = 681. 


Example 302 

( 2 S.3S.5 S)-2-(N((3-Pvri dinyl)methoxycarbonyl)amino)-5- 
i M , -(N-( (N-rnethvl-N- ( ( 6-methyl-3-pyrid i nyl) methvl) amino) 
carbonvl)valinvl) amino)-1.6-di phenyl-3-hydroxyhexane 
Coupling of (N-((N-Methy1-N-((6-methy1-3- 
pyridinyl)methyl)amino)carbonyl)valine with (2S.3S.5S)- 
2-(N((3-pyridinyl)methoxy-carbonyl)amino)-5-amino-l,6- 
diphenyl-3-hydroxyhexane using standard EDAC/HOBt 
method provided the desired compound in 83% yield. 
!h NMR (DMSO-d6/ 300 MHz): 8 0.72 (d, 3H) , 0.75 (d, 

3H), 1.48 (m, 2H). 1.88 (m, 1H) , 2.40 (s, 3H) , 2.78 ("s, 

3H) , 4.42 (s, 2H), 4.70 (d, 1H), 4.96 (m, 2H), 5.85 (d. 

1H) , 6.90 (d. 1H), 7.10-7.58 (m, 16H) , 7.70 (d, 1H) , 

8.30 (d. 1H) , 8.50 (m, 2H) . Mass spectrum: (M+H) + = 

681. 


Example 303 

,(2S. 3S. 5S) -2- (N- (N- ( (N- (6-methvl-2- 
Dvridinyl)methyl)amino) 
carbonvl) valinvl)amino-5-(N-((3- pyridinyl)- 
methoxyca rbonyl) amino)-1.6-diphenyl-3-hydroxyhexane 
Coupling of (N-(( 6-methyl-2-pyridinyl)methyl)- 
amino)carbonyl)valine with (2S,3S,5S)-2-amino-5-(N-((3- 
pyridinyl)methoxycarbonyl)amino)-1,6-diphenyl-3- 
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hydroxyhexane using standard EDAC/HOBt method provided 
the desired compound. 1 H NMR (DMSO-dg; 300 MHz) : 

8 0.74 (d, 3H), 0.80 (d, 3H, 1.50 (m, 2H), 1.90 (m, 1H), 

2.45 (s, 3H) , 4.25 (m, 2H),.4.83 (d, 1H) , 4.92 (m, 2H) , 

6.20 (d, 1H), 6.65 (t, 1H) , 7.05-7.60 (m, 15H), 

8.50 (m, 2H). Mass spectrum: (M+H) + = 667. 

Example 304 

I2S.3S,5S)-2-(N-((3-Pvridinvl)-methoxycarb o nyl)amino)- 
(N~ ( (N-6-methvl-2-Pvridinyl^ meth y l) amino) carbonyl) - 
valinvl) amino) -l J ...6-diphenyl-3 -hYdroxyhexane 
Coupling of N-((N-((6-methyl-2- 
pyridinyl)methyl)amino)carbonyl)valine with (2S,3S,5S)-2-(N- 
((3-pyridinyl)methoxy-carbonyl)amino)-5-amino-l,6-diphenyl-3- 
hydroxyhexane provided the desired compound in 80% yield. 

!h NMR (DMSO-d 6 ; 300 MHz): 5 0.72 (d, 3H) , 0.78 (d, 3H) , 

1.45 (m, 2H), 1.80 (m, 1H), 2.44 (s, 3H) , 4.25 (d, 2H), 

4.63 (d, 1H), 4.95 (m, 2H), 6.15 (d, 1H), 6.65 (t, 1H), 

6.88 (d, 1H), 7.05-7.60 (m, 15H), 7.27 (d, 1H), 8.50 (m, 2H). 

Mass spectrum: (M+H) + = 667. 

Eluoroq enic Assay for Screening Inhibitors of HIV Protease 
The inhibitory potency of the compounds of the 
invention can be determined by the following method. 

A compound of the invention is dissolved in DMSO and a 
small aliquot further diluted with DMSO to 100 times the final 
concentration desired for testing. The reaction is carried 
out in a 6 X 50 mm tube in a total volume of 300 microliters. 
The final concentrations of the components in the reaction 
buffer are: 125 mM sodium acetate, 1 M sodium chloride, 5 mM 
dithiothreitol, 0.5 mg/ml bovine serum albumin, 1.3 |1M 
fluorogenic substrate, 2% (v/v) dimethylsulfoxide, pH 4.5. 
After addition of inhibitor, the reaction mixture is placed in 
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the fluorometer cell holder and incubated at 30°C for several 
minutes. The reaction is initiated by the addition of a small 
aliquot of cold HIV protease. The fluorescence intensity 
(excitation 340 nM, emmision 490 nM) is recorded as a function 
of time. The reaction rate is determined for the first six to 
eight minutes. The observed rate is directly proportional to 
the moles of substrate cleaved per unit time. The percent 
inhibition is 100 X (1 - (rate in presence of inhibitor)/(rate 
in absence of inhibitor)). 

Fluorogenic substrate: Dabcyl-Ser-Gln-Asn-Tyr-Pro-Ile- 
Val-Gln-EDANS wherein DABCYL = .4-(4-dimethylamino- 
phenyl) azobenzoic acid and EDANS = 5-((2-aminoethyl)amino)- 
naphthalene-l-sulfonic acid. 

Table 1 shows the inhibitory potencies of compounds of 
the invention against HIV-1 protease. 


TABLE 1 


Compound of 

Percent 

Inhibitor 

Concentration 

Example 

Inhibition 

(nanomolar) 

37C 

61 

1 

38 

55 

0.5 

39 

61 

0.5 

40 

61 

0.5 

171 

62 

0.5 

174 

51 

0.5 

290 

65 

0.5 

297 

43 

0.5 

298 

56 

0.5 


Antiviral Activity 

The anti-HIV activity of the compounds of the invention 
can be determined in MT4 cells according to the procedure of 
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Pauwels et. al. (J. Virol. Methods 1988 , 20, 309). The IC 50 
is the concentration of compound that gives 50% inhibition of 
the cytopathic effect of HIV. The LC 50 is the concentration 
of compound at which 50% of the cells remain viable. 

Table 2 shows the inhibitory potencies of compounds of 
the invention against HIV-l 3 B in MT4 cells. 

Table 2 


Compound of 

IC 50 

LC 50 

Example 

(micromolar) 

(micromolar) 

37C 

0.84-1.44 

>100 

38 

0.55-0.61 

>100 

39 

0.13-0.25 

>100 

40 

0.23-0.55 

64 

171 

0.38-0.55 

>100 

174 

0.14-0.23 

>100 

290 

0.026-0.075 

>100 

297 

0.31-0.35 

81 

298 

0.22-0.29 

59 


The compounds of the present invention can be used in 
the form of salts derived from inorganic or organic acids. 
These salts include but are not limited to the following: 
acetate, adipate, alginate, citrate, aspartate, benzoate, 
benzenesulfonate, bisulfate, butyrate, camphorate, 
camphorsulfonate, digluconate, cyclopentanepropionate, 
dodecylsulfate, ethanesulfonate, glucoheptanoate, 
glycerophosphate, hemisulfate, heptanoate, hexanoate, 
fumarate, hydrochloride, hydrobromide, hydroiodide, 2- 
hydroxy-ethanesulfonate (isethionate), lactate, maleate, 
methanesulfonate, nicotinate, 2-naphthalenesulfonate, 
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oxalate, pamoate, pectinate, persulfate, 3-phenylpropionate, 
picrate, pivalate, propionate, succinate, tartrate, 
thiocyanate, p-toluenesulfonate and undecanoate. Also, the 
basic nitrogen-containing groups can be quaternized with such 
agents as loweralkyl halides, such as methyl, ethyl, propyl, 
and butyl chloride, bromides, and iodides; dialkyl sulfates 
like dimethyl, diethyl, dibutyl, and diamyl sulfates, long 
chain halides such as decyl, lauryl, myristyl and stearyl 
chlorides, bromides and iodides, aralkyl halides like benzyl 
and phenethyl bromides, and others. Water or oil-soluble or 
dispersible products are thereby obtained. 

Examples of acids which may be employed to form 
pharmaceutically acceptable acid addition salts include such 
inorganic acids as hydrochloric acid, sulphuric acid and 
phosphoric acid and such organic acids as oxalic acid, maleic 
acid, succinic acid and citric acid. Other salts include 
salts with alkali metals or alkaline earth metals, such as 
sodium, potassium, calcium or magnesium or with organic 
bases. 

Preferred salts of the compounds of the invention 
include hydrochloride, methanesulfonate, sulfonate, 
phosphonate and isethionate. 

The compounds of the present invention can also be used 
in the form of esters. Examples of such esters include a 
hydroxyl-substituted compound of formula I which has been 
acylated with a blocked or unblocked amino acid residue, a 
phosphate function, a hemisuccinate residue, an acyl residue 
of the formula R*C(0)- or R*C(S)~ wherein R* is hydrogen, 
loweralkyl, haloalkyl, alkoxy, thioalkoxy, alkoxyalkyl, 
thioalkoxyalkyl or haloalkoxy, or an acyl residue of the 
formula R a -C(R b ) (R d )-C(0)- or R a -C(R b ) (R d )-C(S)- wherein R b 
and R d are independently selected from hydrogen or loweralkyl 
and R a is -N(R e )(Rf), 0R e or -SR e wherein R e and Rf are 
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independent ly selected from hydrogen, loweralkyl and 
haloalkyl, or an amino-acyl residue of the formula 
R 180 NH (CH 2 ) 2 NHCH 2 C (0) - or Ri 80 NH(CH 2 ) 2 OCH 2 C(O) - wherein Ri 80 is 
hydrogen, loweralkyl, arylalkyl, cycloalkylalkyl, alkanoyl, 
benzoyl or an a-amino acyl group. The amino acid esters of 

particular interest are glycine and lysine; however, other 
amino acid residues can also be used, including those wherein 
the amino acyl group is -C ( 0 ) CH2NR200R201 wherein R200 and R201 
are independently selected from hydrogen and loweralkyl or 
the group -NR 200 R 201 forms a nitrogen containing heterocyclic 
ring. These esters serve as pro-drugs of the compounds of 
the present invention and serve to increase the solubility of 
these substances in the gastrointestinal tract. These esters 
also serve to increase solubility for intravenous 
administration of the compounds. Other prodrugs include a 
hydroxyl-substituted compound of formula I wherein the 
hydroxyl group is functionalized with a substituent of the 
formula -CH(R g )OC( 0 )Ri 8 i or -CH(R g )OC(S)Risi wherein Ri 8 i is 
loweralkyl, haloalkyl, alkoxy, thioalkoxy or haloalkoxy and 
R g is hydrogen, loweralkyl, haloalkyl, alkoxycarbonyl, 
aminocarbonyl, alkylaminocarbonyl or dialkylaminocarbonyl. 

The prodrugs of this invention are metabolized in vivo to 
provide the hydroxyl-substituted compound of formula I. The 
preparation of the prodrug esters is carried out by reacting 
a hydroxyl-substituted compound of formula I or II with an 
activated amino acyl, phosphoryl, hemisuccinyl or acyl 
derivative as defined above. The resulting product is then 
deprotected to provide the desired pro-drug ester. Prodrugs 
of the invention can also be prepared by alkylation of the 
hydroxyl group with (haloalkyl)esters, transacetalization 
with bis-(alkanoyl)acetals or condensation of the hydroxyl 
group with an activated aldehyde followed by acylation of the 
intermediate hemiacetal. 
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The compounds of the invention are useful for inhibiting 
retroviral protease, in particular HIV protease, in vitro or 
invivo■ The compounds of the present invention are also 
useful for the treatment or prophylaxis of diseases caused by 
retroviruses, especially acquired immune deficiency syndrome 
or an HIV infection in a human or other mammal. 

Total daily dose administered to a human or other mammal 
host in single or divided doses may be in amounts, for. 
example, from 0.001 to 100 mg/kg body weight daily and more 
usually 0.1 to 10 mg. Dosage unit compositions may contain 
such amounts of submultiples thereof to make up the daily 
dose. 

The amount of active ingredient that may be combined 
with the carrier materials to produce a single dosage form 
will vary depending upon the host treated and the particular 
mode of administration. 

It will be understood, however, that the specific dose 
level for any particular patient will depend upon a variety 
of factors including the activity of the specific compound 
employed, the age, body weight, general health, sex, diet, 
time of administration, route of administration, rate of 
excretion, drug combination, and the severity of the 
particular disease undergoing therapy. 

The compounds of the present invention may be 
administered orally, parenterally, sublingually, by 
inhalation spray, rectally, or topically in dosage unit 
formulations containing conventional nontoxic 

pharmaceutically acceptable carriers, adjuvants, and vehicles 
as desired. Topical administration may also involve the use 
°f transdermal administration such as transdermal patches or 
iontophoresis devices. The term parenteral as used herein 
includes subcutaneous injections, intravenous, intramuscular, 
intrasternal injection, or infusion techniques. 
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Injectable preparations, for example, sterile injectable 
aqueous or oleagenous suspensions may be formulated according 
to the known art using suitable dispersing or wetting agents 
and suspending agents. The sterile injectable preparation 
may also be a sterile injectable solution or suspension in a 
nontoxic parenterally acceptable diluent or solvent, for 
example, as a solution in 1,3-propanediol. Among the 
acceptable vehicles and solvents that may be employed are 
water. Ringer's solution, and isotonic sodium chloride 
solution. In addition, sterile, fixed oils are 
conventionally employed as a solvent or suspending medium. 

For this purpose any bland fixed oil may be employed 
including synthetic mono- or diglycerides. In addition, 
fatty acids such as oleic acid find use in the preparation of 
injectables. 

Suppositories for rectal administration of the drug can 
be prepared by mixing the drug with a suitable nonirritating 
excipient such as cocoa butter and polyethylene glycols which 
are solid at ordinary temperatures but liquid at the rectal 
temperature and will therefore melt in the rectum and release 
the drug. 

Solid dosage forms for oral administration may include 
capsules, tablets, pills, powders, and granules. In such 
solid dosage forms, the active compound may be admixed with 
at least one inert diluent such as sucrose lactose or starch. 
Such dosage forms may also comprise, as is normal practice, 
additional substances other than inert diluents, e.g., 
lubricating agents such as magnesium stearate. In the case 
of capsules, tablets, and pills, the dosage forms may also 
comprise buffering agents. Tablets and pills can 
additionally be prepared with enteric coatings. 

Liquid dosage forms for oral administration may include 
pharmaceutically acceptable emulsions, solutions, 
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suspensions, syrups, and elixirs containing inert diluents 
commonly used in the art, such as water. Such compositions 
may also comprise adjuvants, such as wetting agents, 
emulsifying and suspending agents, and sweetening, flavoring, 
and perfuming agents. 

The compounds of the present invention can also be 
administered in the form of liposomes. As is known in the 
art, liposomes are generally derived from phospholipids or 
other lipid substances. Liposomes are formed by mono- or 
multi-lamellar hydrated liquid crystals that are dispersed in 
an aqueous medium. Any non-toxic, physiologically aceptable 
and metabolizable lipid capabale of forming liposomes can be 
used. The present compositions in liposome form can contain, 
in addition to a compound of the present invention, 
stabilizers, preservatives, excipients, and the like. The 
preferred lipids are the phospholipids and phosphatidyl 
cholines (lecithins), both natureal and synthetic. 

Methods to form liposomes are known in the art. See, 
for example, Prescott, Ed., Methods in Cell Biology . Volume 
XIV, Academic Press, New York, N.Y. (1976), p. 33 et seq. 

While the compounds of the invention can be administered 
as the sole active pharmaceutical agent, they can also be 
used in combination with one or more immunomodulators, 
antiviral agents, other antiinfective agents or vaccines. 
Other antiviral agents to be administered in combination with 
a compound of the present invention include AL-721, beta 
interferon, polymannoacetate, reverse transcriptase 
inhibitors ( for example, ganciclovir, dideoxycytidine (DDC), 
dideoxyinosine (DDI), BCH-189, zidovudine (AZT) and the 
like), non-nucleoside reverse transcriptase inhibitors (for 
example, R82193, L-697,661 or BI-RG-587 (nevirapine) and the 
like), TAT inhibitors (for example, RO-24-7429 and the like), 
trisodium phosphonoformate, HPA-23, eflonithine. Peptide T, 
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Reticulose (nucleophosphoprotein), ansamycin LM 427, 
trimetrexate, UA001, ribavirin, alpha interferon, oxetanocin, 
cylobut G and acyclovir. Immunomodulators that can be 
administered in combination with a compound of the present 
invention include bropirimine, Ampligen, anti-human alpha 
interferon antibody, colony stimulting factor, CL246,738, 
Imreg-1, Imreg-2, diethydithiocarbamate, interleukin-2, 
alpha-interferon, inosine pranobex, methionine enkephalin, 
muramyl-tripeptide, TP-5, erythropoietin, naltrexone and 
tumor necrosis facator. Other antiinfective agents that can 
be administered in combination with a compound of the present 
invention include pentamidine isethionate. Any of a variety 
of HIV or AIDS vaccines can be used in combination with a 
compound of the present invention. Preferred agents for 
treatment of HIV or AIDS in combination with the compounds of 
this invention are reverse transcriptase inhibitors. 

It will be understood that agents which can be combined 
with the compounds of the present invention for the treatment 
or prophylaxis of AIDS or an HIV infection are not limited to 
those listed above, but include in principle any agents 
useful for the treatment or prophylaxis of AIDS or an HIV 
infection. 

When administered as a combination, the therapeutic 
agents can be formulated as separate compositions which are 
given at the same time or different times, or the therapeutic 
agents can be given as a single composition. 

The foregoing is merely illustrative of the invention 
and is not intended to limit the invention to the disclosed 
compounds. Variations and changes which are obvious to one 
skilled in the art are intended to be within the scope and 
nature of the invention which are defined in the appended 
claims. 


